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Measure is to Know” 


F one wishes to know the tensile strength of a piece 
if of metal, there is no need to sit down and speculate 

on the matter, because means are available for its 
determination. On the other hand, there are realms of 
scientific thought in which it is necessary to make certain 
assumptions in order to build up a mental picture of a 
particular process or mechanism. That such assumptions 
have been misconceived is not infrequently disclosed, 
when the theory which has been evolved from them fails 
to account for some known fact. It is evident, therefore, 
that whether one’s interests lie in the academic or the 
essentially practical field, sooner or later one comes up 
against the necessity for making a measurement of some 
physical property or other, either for information or 
guidance. 

It is interesting to note that this year sees the Golden 
Jubilee of two organisations which were founded as a 
result of the need for accurate measurement of the 
properties of materials. One of them, the National 
Physical Laboratory, recently held a series of Open Days 
when visitors could inspect the various aspects of its 
work. The other, the British Standards Institution, 
includes in its Jubilee Celebrations a ten-day exhibition 
at the Science Museum during the latter half of this 
month. 

To those mainly interested in metals, there may appear 
to be little connection between the two organisations. 
The Standards Institution immediately calls to mind the 
industrial application of commercial quality materials, 
whilst the N.P.L. is mentally associated with long-term 
research work, often of an academic nature, which may 
not be fully appreciated by the practical man for many 
years. Indeed—such is the nature of this type of work— 
some of it may never prove to be of practical value. On 
the other hand systematic investigations led to the 
development of Y-alloy, and the long-term study of the 
effect of precipitation-hardening on creep was of 
immense benefit in the development of alloys for use in 
gas-turbines. Apart, however, from the development of 
materials which may eventually be used in sufficient 
quantity to warrant the issue of a British Standard to 
cover them, the N.P.L. is very closely linked with the 
BS.I. by this question of measurement. It would be 
quite useless for the B.S.I. to draw up a list of properties 
which a material should possess, if there were no means of 
determining those properties. In the ultimate, that 
involves the existence of standards with which the 
a of the material may be compared. Sir Oliver 

ve, in his Presidential Address to the Mathematical 
and Physical Section of the British Association Meeting 
in 1891, made the first suggestion of the setting up of a 
National Physical Laboratory which would “. . . also be 
the »atural custodian of our standards in a fit state for 
use nd for comparison with copies sent to be certified. 
Else perhaps some day our standard ohm may be buried 
ina rick wall at Westminster, and no one living may be 
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able to recall where it is.” Again, the Committee set up 
under the chairmanship of Lord Rayleigh to consider the 
matter recommended that a public institution should be 
founded for standardising and verifying instruments, for 
testing materials, and for the determination of physical 
constants. 

Whatever requires accurate measurement in this 
modern world of scientific industry and mass production 
owes something to the work carried on at Teddington by 
the N.P.L. Sir Oliver Lodge once said that there was 
only one thing that a scientist should regard as more 
important than the fifth decimal place, and that was the 
sixth decimal place. The N.P.L. is an institution which 
concentrates on the millionth part of a unit of measure- 
ment. The connection between measurements of such 
extremely high accuracy and the tolerances stated on 
drawings and in specifications, is strikingly brought out in 
an example quoted in ‘‘ The Jubilee Book of the National 
Physical Laboratory.”* It is not uncommon for dimen- 
sions of parts of machines to be required accurate to a 
thousandth of an inch, and in repetition work this is 
usually checked by “go, no-go gauges” which are 
accurate to about 0-0001 in. The gaugemaker, in turn, 
will need a measuring tool to check his gauges and this 
will consist of one or more slip gauges, smooth flat blocks 
which may be combined to make up the required dimen- 
sion. To be fair to the gaugemaker, the combination of 
slip gauges which he must accept as his standard must be 
accurate to one more place of decimals, that is, to 0-00001 
in., and as the combination is made up of several slip 
gauges, these individual blocks should each be more 
accurate still, say to a few millionths of an inch. The 
final proof that such accuracy has been achieved is the 
stage at which the N.P.L. comes in. The ultimate 
measuring tools for measuring all other measuring tools 
are kept at Teddington, and these standards must, of 
course, be yet more accurate, i.e. accurate to a millionth 
of an inch. 

Making sure of that millionth has presented many 
problems to the N.P.L., but its importance cannot be 
over-emphasised. Every branch of theoretical and 
experimental science depends on accurate standards of 
measurement of length, mass, and time, and, as we have 
seen, industry is equally concerned with these measure- 
ments. Although the maintenance of primary standards, 
and research into the best way of applying them to 
practical measuring problems form the basis of the work 
of the N.P.L. there are other activities arising therefrom. 
They may be divided—somewhat arbitrarily it must be 
admitted—into long-term research, short-term investi- 
gation, and routine testing of a wide range of instruments 
and apparatus. Not the least important of these is the 
first-named : indeed, it has been said that the Laboratory 
could never have been of practical use to industry had it 
not been planned in an atmosphere permeated with a 
spirit of pure scientific research. 


*® Copies may be obtained from His Majesty's Stationery Office, or through any 
bookseller, price 4s. net. 
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Birthday Honours 


KNIGHT HOOD 


R. Dunca.re, Chairman, British Standards Institution. 

KE. K. Ripeat, M.B.E., F.R.S., Professor of Chemistry, 
King’s College, London. President of the Chemical 
Society. 

H. W. H. Warren, Managing Director, Associated 
Electrical Industries, Ltd. 

J. R. Youna, Director, Vickers, Ltd., and Vickers- 
Armstrongs, Ltd. 

C.B. 

T. E. Harris, C.B.E., Chief Superintendent, Royal 

Ordnance Factory, Woolwich. 


K.B.E. 
H. D. MacLaren, C.B., D.F.C., Director of Electrical 
Engineering, Admiralty. 
C.B.E. 
W. K. Brasner, Secretary, Institution of Electrical 
Engineers. 
H. T. CHapMAN, Managing Director, Armstrong-Siddeley 
Motors, Ltd. 
W. H. Cuarren, Assistant Director of Dockyards, 
Admiralty. 
A. N. East, Chief Engineering Inspector, Ministry of 
Fuel and Power. 
J. W. Ex.torr, Chairman, Swan, Hunter & Wigham 
Richardson, Ltd. 
G. W. H. Garpyer, Director of Guided Weapons Re- 
search and Development, Ministry of Supply. 
G. W. Harriman, O.B.E., Deputy Managing Director, 
Austin Motor Company, Ltd. 
H. A. Hersurn, Deputy Chief Inspector of Factories, 
Ministry of Labour and National Service. 
V. A. G. Lampert, O.B.E., Director-General, Armament 
Production, Ministry of Supply. 
W. E. W. Perrer, Deputy Managing Director, Folland 
Aircraft, Ltd. 
G. Woop, Chairman, Thos. W. Ward, Ltd. 
O.B.E. 
J. F. Avcock, Chief Scientist, Ricardo & Company (1927), 
Ltd. 
H. A. Cocuran, Manager, Minerals Division, Colonial 
Development Corporation. 
Group Captain J. Cunnxtnenam, D.S.O., D.F.C., D.L., 
Chief Test Pilot, De Havilland Aircraft Company, Ltd. 
H. E. Hancock, Assistant Director, Directorate-General 
of Aircraft Supplies, Ministry of Supply. 
S. R. Howes, Director and General Manager, Samuel 
Fox & Company, Ltd. 
W. B. Jounstone, Director, Alexander Stephen & Sons, 
Ltd. 
H. Nosk, Senior Principal Scientific Officer, Admiralty 
Signal anc’ Radar Establishment. 
H. O. Missenpen, General Manager, Birmingham 
British Industries Fair. 
G. T. W. Wutreneap, Assistant General Manager 
(Works), Johnson & Phillips, Ltd. 
J. W. Witktyson, lately Chief of Armament Design, 
Vickers-Armstrongs, Ltd. 
M.B.E. 
D. M. Barciay, Manager, Mountstuart Dry Dock, Ltd. 
KE. Barker, Chief Foreman, Boiler Department, Loco- 
motive Works, Gorton, Railway Executive. 
J. 8S. Carr, Commercial Manager, E.M.I. Factories, Ltd. 
KE. J. Cox, lately Chief Draughtsman, Admiralty. 


A. Davenport, General Works Manager, Salford | ec. 
trical Instruments, Ltd. 

C. B. Dickrns, Head of Purchasing Department, Ric ard 
Johnson & Nephew, Ltd. 

H. A. Fetus, Industrial Fuel Consultant. 

A. C. Frankury, Chief Engineer, Worthington-Simy.on, 
Ltd. 

J. S. Griires, Assistant Engineer, Manager, Wiiiam 
Doxford & Sons, Ltd. 

W. Granam, Personnel Manager, Darlington & Simpson 
Rolling Mills, Ltd. 

G. MacLareEN Humpureys, Senior Experimental Ofncer, 
Aeroplane and Armament Experimental Establish- 
ment, Ministry of Supply. 

J. C. Kirkpatrick, Chief Welfare Officer, English 
Electric Company, Ltd. 

W. C. Merepiru, Foundry Manager, Hadfields, Ltd. 

G. F. W. Parrerson, Chief Metallurgist, Murex Ltd. 

A. E. Picxertne, Chief Engineer, Design and Drawing 
Office, Parsons Marine Steam Turbine Company, Ltd. 

T. Rrrenie, Commercial Manager, Barclay Curle & 
Company, Ltd. 

W. R. SNELL, Production Manager, Main Diesel Works, 
Ruston & Hornsby, Ltd. 

E. P. Stevens, Works Manager, Martin Baker Aircraft 
Company, Ltd. 

A. G. Way, Manager, Film-Coating Department, Ilford, 
Ltd. 

W. A. Wittiams, Works Manager, Perry Chain Com- 
pany, Ltd. 

B.EM. 

F. G. Atsop, Erector, National Smelting Company, Ltd. 

A. AppLesy, Shop Convener, Rolls Royce, Ltd 

R. T. Arktey, Tool Maker, Projectile & Engineering 
Company, Ltd. 

H. Brinspon, Tube Drawer, Tubes, Ltd. 

H. L. Davies, Tool Room Grinder, Folland Aircraft, Ltd. 

G. L. Fryptay, Foreman Sheet Iron Worker, 
Thermotank, Ltd. 

A. Haaeart, Foreman Steel Erector, Alex. Findlay & 
Sons, Ltd. 

T. Hey, Chief Inspector, Yorkshire Copper Works, Ltd. 

J. S. Howarru, Foundry Charge-hand, Magnesium 
Elektron, Ltd. 

F. A. Loverr, Superintendent, Insulation Factory, 
British Thomson-Houston Company, Ltd. 

P. Myers, Chief Blast Furnace Foreman, Gjers Mills & 
Company, Ltd. 

G. H. Norton, Tool Room Foreman, Brecknell, Munro & 
Rogers, Ltd. 

G. Paryter, Wire Flattening Mill Foreman, Stourbridge 
Rolling Mills, Ltd. 

J. Parkrnson, Head Foreman, Shipwright (Central Yard) 
William Gray & Company, Ltd. 

H. R. G. Reeve, Station Engineer, Aeronautical Inspec- 
tion Directorate Test House, Ministry of Supply. 

S. Ricuens, Laboratory Worker “A”, Armament Re- 
search Establishment, Ministry of Supply. 
W. SHakesreare, Dope Shop Foreman, Percival Air- 

craft, Ltd. 

J. G. Srrn, Driller, Albion Motors, Ltd. 

H. D. Swany, Foreman, Laurence, Scott & Electro- 
motors, Ltd. 
W. Swrynerton, Shift Foreman, John Summers & Sors, 

Ltd. 

W. Warieut, Assistant Foreman Bricklayer, Workington 

Iron & Steel Company. 
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Tue Bonding 
of Metals 


By C. J. Moss, B.Sc. 


The jointing of metals by the synthetic 
resin adhesives has now been in use 
for several years and service experience 
has shown the method to be satisfactory 
provided its limitations are taken into 
account at both the design and 
production stages. In this article, the 
author discusses the resins and their 
fields of application, together with the 
design and properties of bonded joints. 


T is apparent from the diversity of methods in use 
I that the need to join metals presents engineers with 
a wide variety of problems. Welding, brazing and 
soldering, riveting, bolting and screwing are methods 
which are widely and successfully used throughout the 
engineering industries, but there are occasions when none 
of them is completely satisfactory. It is perhaps in the 
joining of light alloys that their disadvantages are most 
plainly marked. For example, many steels may be 
welded with a relatively small loss in strength but those 
aluminium alloys in which high strengths have been 
achieved only by careful heat treatment are likely to lose 
those properties as a result of welding. Other dis- 
advantages common to the welding of light alloys and 
steel are the risk of distortion and the amount of skilled 
work required in cleaning up welds. The difficulties in 
joining unlike metals, e.g. aluminium to steel, or metals 
to non-metals, e.g. metals to wood, rubber or brake 
linings, are more marked and the conventional methods 
employed are, on the whole, less satisfactory than those 
used for joining metals of similar compositions. Because 
of this, it is interesting to consider what contribution the 
bonding of metals with synthetic resin adhesives can 
make. Needless to say, such processes also suffer from 
disadvantages and they can hardly be expected, even by 
their most enthusiastic supporters, to solve every 
problem for which the older methods of joining prove 
unsuitable. 


Features of Bonding Resins 

Sir e the materials used in metal bonding are synthetic 
resins, it is desirable to consider briefly some of their 
prope ties. Their most important characteristic when 
consi ered as potential adhesives is that they may be 
chan, -d fairly easily from viscous liquids, or from solids 
with ow melting points, to hard infusible materials 
usua' » resistant to a wide variety of conditions such as 
*xpo: cre to weathering or to solvents, acids and alkalis. 


The de Havilland ‘‘ Comet ”’ jet-propelled airliner in the construction of 


which synthetic resin bonding is used. 


Thus, phenolic resins may be prepared as viscous liquids 
which, with the help of suitable solvents, may be brushed 
or sprayed on metals and then, after stoving for a short 
time at 140°-150° C., become hard and provide a good 
protection against corrosion. The effect of the heat is to 
increase many times over the rate of the chemical change 
which results in hardening of the resin. In consequence, 
it takes place in a few minutes instead of the weeks or 
months which might be required at room temperature. 

Hardening of many synthetic resins may also be 
brought about at room temperature by the addition of 
catalysts. Acids, or acid-forming materials, are often 
used for this purpose, particularly with the urea form- 
aldehyde resins now used on a large scale for making 
plywood and furniture. Since this resin is cheap, is 
manufactured entirely from materials obtainable in this 
country, and is such a successful glue for wood, it is 
disappointing that it is an unsatisfactory adhesive for 
metals. The need for acid catalysts to make urea 
formaldehyde resins set at room temperature would 
introduce a risk of corrosion if used with metals. In 
addition, they are used as solutions containing more than 
a quarter of their weight as water and, in the chemical 
reaction which causes hardening, more water is produced. 
If such a resin solution were placed between non-porous 
metals, there would be no way in which the water could 
escape from the joint. Thus, solutions of resin in water 
or any other solvent are only likely to be suitable for 
bonding metals if the solvent can be evaporated com- 
pletely before putting the metals together, yet without 
causing premature hardening of the glue. A further 
consideration is that urea formaldehyde, when hardened, 
is a brittle material which would disintegrate if the 
metals to which it adhered were subjected to appreciable 
strain. 

From this discussion, it will be seen that an adhesive 
for metals must be chosen from those materials which 
can be readily applied to metal surfaces and then made 
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In building their new 92 seat airliner, the 

Brabazon Mark II, and their twin rotor heli- 

copter, the Bristol Aeroplane Co. Ltd., have 

found many applications for metal bonding. 

This photograph illustrates the local rein- 

forcement of a ‘‘ Brabazon ”’ rib ; it is about 
6 ft. wide by 8 ft. long. 


to harden without the use of agents liable to cause 
corrosion : because of the need to avoid strong catalysts, 
it is often necessary to cure the resin at elevated temper- 
atures. It must also be a strong material with some 
ductility if it is to give joints of satisfactory strength. 


The Nature of Adhesion 

Having briefly described some of the conditions which 
must be fulfilled by an adhesive for metals, it is interest- 
ing to consider the way in which it acts. Some under- 
standing of the nature of adhesion may be obtained by 
reference to the process of “‘ pressure welding.” In this 
process, metals are first thoroughly cleaned and then 
pressed together sufficiently strongly to make them flow. 
The effect of the deformation produced is to bring the 
metal surfaces into intimate contact, i.e. bringing the 
molecules of the two pieces of metal sufficiently close 
together for their forces of attraction effectively to hold, 
or “‘ weld,”’ them together. From the results obtainable 
with “ pressure welding,” it is apparent that the inter- 
molecular attractions are very strong when the molecules 
of the metals are placed sufficiently close together. 
In this connection, it must be understood that metals 
regarded as smooth by normal standards would appear to 
possess mountains higher than the Himalayas if judged 
on a molecular scale. Thus, when two such surfaces are 
placed together, there are only comparatively small areas 
across which the inter-molecular attractions are effective; 
they are usually quite insufficient to produce welding 
but give rise to the phenomenon of “ friction ” instead. 
By applying pressure to the metals, they are made to 
flow enough te bring the molecules together over large 
proportions of their areas and thus to produce welding. 
It is a disadvantage of the process that the deformations 
required are such that they are readily obtainable only 
with the relatively soft metals. Another important 
condition to be satisfied is that the adhesive must 
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The development engineers of the Bristol Aeroplane Co. Ltd., have 
successfully adapted an autoclave for bonding curved panels. They are 
placed on an electrically heated jig, covered with a thin rubber blanket 
and then placed in the autoclave until a pressure suitable for bonding 


is obtained. 


effectively wet the metal surfaces. A liquid only wets a 
surface when the inter-molecular forces between them are 
stronger than the cohesive forces in the liquid. Since 
good adhesion is believed to be the result of strong 
inter-molecular forces, it is reasonable to associate it 
with good wetting and, conversely, poor adhesion with 
poor wetting. 

Inter-molecular attractions exist not only between 
metals and metals but also between metals and a wide 
variety of other materials, but it must not be concluded 
that similar forces occur between metals and all other 
materials. Polythene is an excellent example of a 
material which does not “ wet ’’ metals and which cannot 
be made to adhere to them under any conditions. 
However, there are many synthetic resins which do 
“wet” metals satisfactorily, and from them a few have 
been chosen which also satisfy the other conditions 
which must be fulfilled to obtain a satisfactory glue, ¢.g. 
high strength, freedom from corrosive action, ete. Such 


Thin walled aluminium tubes are bonded with ‘Araldite 

to make components of textile ‘‘ ring frames by . 

Carrier Engineering Co. Ltd., Oldham. The whole wor 
is carried out by unskilled female operators. 
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Courtesy of Fry’s Diecastings, Lid., London 


Another application of ‘‘Araldite ’’ in 

the textile industries is in the bond- 

ing of plugs into the ends of cast 
aluminium alloy pirns. 


adhesives, when applied to the thoroughly cleaned metal 
surfaces, may perhaps be looked upon as filling the 
valleys between the mountains of the metal surface. 
Thus, when the metals coated with adhesive are placed 
together there are no longer deep voids which the 
molecular attractions cannot span. Instead, adhesion 
occurs between the uneven metal surface and the resin, 
and between the resin and the other uneven metal 
surface. 

It is interesting to compare the mode of action of 
metal adhesives with what is believed to happen in 
gluing wood and other porous materials. There the glue 
penetrates into the interstices of the porous material and 
some of the adhesion is due to the mechanical inter- 
locking of adhesive and adherent. Such adhesion is 
said to be due to “ mechanical adhesion ”’ to distinguish 
it from the “specific adhesion” which results from 
inter-molecular attraction. It will be clear that 
“mechanical adhesion” without “specific adhesion ” 
can only be expected to give poor results, probably of 
little practical consequence. 


Preliminary Cleaning 
A practical consequence of the dependence of adhesives 
on good wetting is the necessity for starting with 
thorouyvhly cleaned and degreased metal surfaces. Even 
4 thin filma of grease will prevent good wetting and thus 
make «dhesion difficult, if not impossible. Only slightly 
less important is the effect of any other contamination ; 
thus ‘cose rust or scale should be removed before 
apply ig the resin, but a firmly adherent oxide film such 
a8 is roduced by the anodic oxidation of aluminium 

alloy .rovides a good base for adhesion. 


Redux 

Th earliest bonding process for metals used in this 
coun y, the “ Redux” process, depends for its success 
_ te use of two materials. It consists of a phenol 
orm ehyde resin, which is brushed or sprayed on the 
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Courtesy of George Blackburn & Sons, Ltd., Nottingham 


In addition to glueing metal-to- 

metal, ‘‘Araldite ’’ is also used for 

sticking porcelain thread guides to 
metal studs. 


Messrs. Metropolitan-Vickers Elec- 
trical Co. Ltd., Manchester, have 
found many uses for ‘‘Araldite.’’ In 
this example the metal ferrules are 
glued to an insulator bar for high 
voltage equipment. 


metal, and a polyvinyl formal powder, which is sprinkled 
on to the resin. This powder is a strong plastic material 
which makes the glued joints tough instead of being 
brittle but which does not wet metals adequately even 
when subjected to heat and pressure. The thin coating 
of phenol formaldehyde however, wets the metal 
efficiently and is also a partial solvent for the polyvinyl 
formal. The two materials together, therefore, make an 
excellent adhesive. After applying the ‘“ Redux” 
liquid and powder, the parts are clamped together with 
a pressure of about 100 Ib. /sq. in. and the resin cured at 
about 140°-150° C. for 15-20 minutes, or at a higher 
temperature for a shorter time. An elevated temper- 
ature must be used to cure the ‘ Redux” (1) because 
strong catalysts which would make the phenolic resin 
set at room temperatures might cause corrosion of the 
metal, and (2) because heat is required to soften the 
polyvinyl] formal powder and permit it to flow when the 
pressure is applied. ‘‘ Redux” has now been used for 
seven years in the aircraft industry and extensive tests 
have proved that with thin metals it gives joints stronger 
than can be obtained with rivets. The improvement in 
strength is most marked when assemblies are subjected 
to fatigue loading. Another advantage of “ Redux ” is 
that it takes the place of large numbers of rivets whose 
heads would tend to destroy the smoothness of the 
aircraft skins. This is a most important consideration 
for high speed aircraft, and it is interesting to know that 
the jet-propelled de Havilland ‘ Comet” airliner has 
wings and fuselage in which extensive use has been made 
of “Redux.” Another interesting application of 
“* Redux ”’ was found in America where the glue was used 
in preference to American materials in making parts of 
some equipment for atomic energy research. The 
“Redux” process was developed by Messrs. Aero 
Research Limited, Duxford, Cambridge. 


Bonding Rubber to Metal 
A recent development of the “‘ Redux” process has 
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Rubber rings are bonded to aluminium alloy wheels for 
jute machinery by Messrs. Fairbairn, Lawson, Coombe, 
Barbour, Ltd., Leeds. 


been in the bonding of rubber to metal. Hitherto this 
has been carried out by brass-plating the metal, a process 
which is fairly expensive, and which requires close 
control, followed by vulcanizing the rubber “in situ.” 
Since it is difficult to brass-plate many metals, the 
process has, in practice, been mainly restricted to 
bonding rubber to mild steel. By means of ** Redux,” 
however, vuleanized natural or synthetic rubbers may 
be bonded to light alloys, stainless steel, cast iron, ete. 
Natural rubbers are first treated by immersing them for 
a few minutes in concentrated sulphuric acid, followed 
by washing, drying, and application of the “ Redux ” 
adhesive. The glue is normally cured in 20 minutes at 
140°-150° C., but rather lower pressures than the 100 
lb. /sq.in. used in metal bonding have been found 
satisfactory. For rubbers which will not withstand the 
bonding temperature required for curing ‘ Redux,” a 
modification of the glue may be used which will give 
good bonds in 20 minutes at 110°-120° C. with a pressure 
of about 20 lb. /sq. in. 


‘Araldite 

In the ‘* Redux” process, it is essential to apply 
pressure in order to make the polyvinyl! formal powder 
flow sufficiently, and also to counteract the slight 
shrinkage which occurs when the phenolic resin hardens, 
but recently an entirely new adhesive has been developed 
by Messrs. Ciba Limited, Basle, Switzerland which gives 
remarkably good adhesion to metals, quartz, mica, 
porcelain, etc., with only very light clamping, in fact 
just sufficient to maintain the parts in contact. When 
applying this adhesive, which is an epoxy-ethane resin 
known commercially as “Araldite,” the metal is heated 
to about 100°-120° C. and the resin applied as a powder 
orasarod. As 't makes contact with the metal, it melts 
and then adheres, but at this stage it is very brittle and 
violent handling would cause it to flake off. Alternatively 
the resin powder may be sprayed on the cold metal by 
means of a ‘ Schori” flame spray gun. The resin is then 


eurcd by stoving it at 180°C. for 1-2 hours ort ra 
shorter time at a higher temperature. Because the sin 
passes through a molten stage during the curing pro ess, 
little or no pressure is required for bonding. Afi -r a 
time, it increases in viscosity and finally solidifies, but 
polymerisation continues for some time after the olid 
state is reached and is completed without appreciable 
shrinkage. 
Resin Solutions as Adhesives 

It is not always convenient to preheat the component 
before applying the adhesive in the form of a rod or 
powder, and there is thus a need for a glue in the form of 
a solution which can be easily brushed on to components. 
This may sound attractive, but glues for metals and other 
non-porous materials should be as nearly free from 
solvents as possible. The reason is that, whereas it is 
commonly believed that volatile solvents evaporate 
completely after spreading the glue and before bringing 
together the parts to be bonded, there may, in fact, be a 
trace of solvent left unevaporated. This solvent 


Brake linings stuck to cast light alloy brake shoes have 
now completed many thousands of miles of hard testing 
on buses. This photograph illustrates the simple method 
devised for carrying out the work—a screw jack is used for 
pressing shoe and lining against a continuous steel band 
thus providing the pressure required for bonding. The 
assembly is then put in an oven to cure the resin. 


vaporises when the adhesive is being stoved and either 
forms “ blisters” in the joint or, if it is small, forces a 
way out through the edges. For this reason, care must 
be taken to ensure that the glue is well dried before 
stoving. 

Because of this, “Araldite” 15, a solution of the 
‘Araldite ” resin, may be used when strength is not quite 
so important as convenience in application. It is more 
suitable for bonding small components than for larger 
ones and for bonding where at least one of the 
components is porous, thus permitting escape of any 
small amounts of solvent left in the glue. Danger 
of trapping solvent in the joint is reduced by leaving 
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ps .s coated with the resin solution as long as possible so 
th .t they may dry ; alternatively they may be dried by 
he ing to about 100°C. for $ hour. Afterwards they 
should be clamped together and the resin cured in the 
usual Ww ay. 


Cold-Setting ‘Araldite Adhesives 

The adhesives already described, in common with 
others developed in America, all suffer from the dis- 
advantage that they cannot be cured without the 
inconvenience of stoving. In consequence, much effort 
has been devoted to the development of an adhesive for 
metals which would cure at room temperature. Apart 
from rubber adhesives, which depend upon the evapora- 
tion of solvents leaving a tacky film on the metal and 
which do not give very strong joints, it has proved 
difficult to produce a solution to this problem. Perhaps 
the most satisfactory cold-setting adhesives developed 
to date are forms of ‘“‘Araldite’’ which, after careful 
weighing, are mixed with a hardener and then set in 
about 24 hours. The hardener actually combines with 
“Araldite ” at room temperature and is not a catalyst 
such as is used with many other resins. Although 
slightly alkaline, it does not corrode steel or aluminium 
alloys but it is not suitable for use with copper or brass. 
Although they do not possess such good strength 
properties as the hot-setting adhesives described earlier, 
they have already found many uses. Unfortunately, 
they weaken at temperatures above about 50° C. and are 
not very resistant to some common solvents such as 
acetone and trichlorethylene. They are, however, quite 
resistant to petrol and lubricating oils and to some 
strong acids. 


Applications of ‘‘ Redux ’’ and ‘Araldite ”’ 

Although metal bonding with plastic adhesives is a 
comparatively recently developed process, it has already 
found many uses, particularly in the aircraft and 
electrical industries, as will be seen from the illustrations. 

Bonding with Araldite as an Alternative Shrink ” 
Fits. It is believed that bonding with “Araldite” is 
likely to offer many advantages over asscmbly methods 
based on “‘ shrink ”’ fits. Such methods have been used 
satisfactorily for many years but suffer from the dis- 


Rub’ er pads are bonded to the underside of aluminium 

allo. ‘‘ racing plates.”” Experience has shown that the 

laye of rubber is of great value when racecourses are 
hardened by frost or dried by sun. 
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The Bristol Aeroplane Company subjected the above 
Redux bonded structure to a prolonged fatigue test. 
After 150,000,000 reversals of stress, the metal cracked 
across the skin and the stringer leaving the bond unbroken. 


advantage that components must be machined to close 
tolerances if the “ shrink ”’ fit is to be effective in holding 
the two parts together. Machining to close tolerances is, 
needless to say, a comparatively expensive business. 

Bonding Dissimilar Materials. In bonding dissimilar 
materials with hot setting glues, trouble sometimes arises 
because they have different coefficients of thermal 
expansion. Thus aluminium and its alloys expand on 
heating almost twice as much as most steels, while they, 
in turn, expand more than quartz, porcelain and similar 
materials. When such different materials are firmly 
attached together at elevated temperatures and then 
cooled to room temperature, the glue is always subjected 
to severe stresses and the assembly may distort. 

Serious difficulties are much more likely to occur when 
bonding brittle materials, such as porcelain, than with 
the relatively ductile metals. When thin metals are 
glued together they seldom, if ever, fracture, but they 
do sometimes distort, and attention must be given to this 
point at the design stage. Even where materials of the 
same coefficient of expansion are used, it is sometimes 
necessary to cool them slowly after bonding or else the 
parts which have thinner walls may cool more rapidly 
than the thicker parts; results will then be similar to 
those described above, though their consequences will 
be less drastic. 

Design Considerations 

There is one important rule to remember about the 
design of glued joints, i.e. glued joints are strongest in 
shear. In point of fact they are also quite strong in 
direct tension, but in service they should not be sub- 
jected to “ peeling” loads. By “ peeling” is meant 
rolling back one sheet of metal from another so that all 
the load is concentrated along a very narrow band of the 
glue and is not distributed over its entire area. That, as 
might be expected, is the form of loading which it is most 
difficult for glue to resist and it must always be avoided 
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in practice. It will be appreciated that “ peeling ” is of 
much less consequence with thick metals than it is with 
thin ones because the thicker metal distributes the load 
much better than does the thin sheet. Furthermore, the 
application of the bonding technique where * shrink ” 
fits were previously employed usually means that there 
is no danger of * peeling ” occurring. 


Weathering of Bonded Joints 

It is evidently desirable that glues for metals should 
be thoroughly resistant to weathering, and since 
“ Redux ”’ bonding has been used now for several years 
in the manufacture of large numbers of aeroplanes 
operating in all parts of the world, there is ample 
evidence that it will withstand any conditions to which 
it may be exposed. “Araldite” is, of course, a more 
recently developed adhesive, but it is already known 
that it is more resistant to dampness than the wood glues 
used in the construction of the war-time “ Mosquito ” 
aircraft. It is believed, therefore, that no anxiety need 
be felt about the weathering properties of these synthetic 
glues. 


Strength of Glued Joints 

It is unfortunate that it is not possible to make a 
simple statement of the strength properties of glued 
joints to cover all conditions. It is not always correct, 
for example, to say that glued joints have a shear 
strength of 8,800 Ib. sq. in., although from the examples 
given below it will be seen that this is sometimes true. 
The reason for this is that the strength depends upon a 
number of factors. In pure tension, joints made with 
“Araldite ” or “ Redux ” usually have a failing load of 
about 5,000 lb. sq. in., but if there is any tendency for 
bending to be superimposed on the tension a sharp fall 
in breaking load occurs. In pure shear, uniformly 
distributed over a glued area, the failing load is about 
10,000 Ib./sq.in., but in practice it is rare for such 
loading to occur. 

When overlap joints made by gluing together strips of 
metal are tested by applying loads to the ends of the 
metal strips, the loads are always offset a little from the 
glue line. In consequence a bending moment as well as 
shear is applied to the joint and this decreases the load 
that can be supported before failure occurs. More 
serious, however, are the stress concentrations which 
occur at the ends of the joint, and which are caused by 
the differential rates of straining of the parts of metal in 
contact with the glue, due to the transfer of the load 
from one piece of metal to the other. The result is to 
decrease the average breaking load of the joint to a value 
which is often considerably less than would be obtained 
if the stress concentrations were avoided. This behaviour 
is best illustrated by a number of examples. 

If overlap joints are made between strips of 20 s.w.g. 
aluminium a'loy to specification D.T.D. 546, the failing 
load will be about 2,200 lb. for an overlap of } in., but it 
would be no more than about 2,500 Ib. if the overlap 
were increased to } in., i.e., the average failing stress will 
fall from 8,800 Ib. sq. in. to 5,000 Ib. sq. in. when the 
overlap is increased from } in. to fin. If the thickness 
of the metal were increased from 20 s.w.g. to 16 s.w.g., 
the average failing stress for the 4 in. overlap joint would 
increase from 5,000 |b. sq. in. to about 6,400 Ib. sq. in. 
If a harder alloy were used, still higher strengths might 
be expected, whereas with a softer metal, such as 
aluminium itself, considerably lower average failing 
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stresses would be obtained. Steel of similar mechan al 
properties to the aluminium alloys give glued joint of 
similar strengths, but if brass of equal strength is usd, 
the results are a good deal lower. Finally, when bona ng 
porcelain, plastics or wood with the hot setting glues, he 
joint is usually stronger than the materials glued. 


The Production of Bonded Assemblies 

An advantage of the bonding processes is that, un\ike 
welding, they may be broken down into a number of 
comparatively simple operations which can be carried 
out by unskilled labour. Thus the degreasing and 
cleaning of metal parts, followed by application of the 
resin and then the stoving are each operations which, 
though requiring care, do not require a high degree of 
skill. Experience has shown that much of the work can 
be carried out by female labour. 


Conclusion 

It is desirable, when considering the bonding of 
metals with synthetic resin adhesives, to remember how 
recently the process was developed when compared with 
the conventional methods of joining metals. “* Redux ” 
has now been in factory use for about seven years while 
“Araldite ” has been available for less than half that 
time. Already they have proved of great value, particu- 
larly in the aircraft industry, but it will be surprising if 
their scope does not increase considerably in the future. 
No doubt further development will be made in the resins 
and, in time, improved cold-setting forms of “Araldite ” 
and perhaps of other resins may become available. If 
such developments are matched by improvements in the 
technique of using adhesives for metals under factory 
conditions, then they may become as important to 
engineers as some of the older methods of joining metals. 
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Welding at the Festival of Britain 


Arc welding demonstrations are proving a popular 
attraction in the Country Pavilion at the South Bank 
Exhibition. These demonstrations which always attract 
a large number of spectators take place in the black- 
smith’s shop, where traditional craftsmanship is shown 
allied to the most modern methods of cutting and joining. 
The welding set selected for exhibition and demonstra- 
tion purposes is a portable type 241 transformer equip- 
ment made by Murex Welding Processes, Ltd., Waltham 
Cross, Herts. The set, which is oil-cooled and self- 
contained, has a current range of 15 to 250 amps for 
continuous hand welding and up to 300 amps for inter- 
mittent welding. Murex “ Fastex” and “ Contex’ 
electrodes are being used for the fabrication work. 


Messrs. Heap Wricutson & Co., Lrp., announce that 
they have taken a substantial interest in one of the 
oldest established Australian engineering firms, Messrs 
Gibson Battle, Merchants and Manufacturers, of Sydney, 
N.S.W. 
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Corrosion Tests with Zinc Alloy Die 
Castings in Damp Gypsum Plaster 


By L. A. J. Lodder, B.Sc., A.R.C.S. and S. Baumgarten, Ph.D. 


Research Department, Imperial Smelting Corporation, Ltd. 


Occasionally cases of severely corroded zinc alloy electrical conduit fittings are reported— 

invariably after prolonged contact with a damp wall. A search for suitable protective 

measures was, therefore, instituted and in this article the results of experiments directed 

to this end are presented. It is recommended that a chromate treatment be adopted, and 
that an auxiliary coating be applied specifically to preserve the chromate coating. 


article was to seek suitable protective measures 

against the corrosion of zine alloy die castings 
through contact with damp wall materials. The need 
for information on the subject had been disclosed by the 
occasional instance of a severely corroded zine alloy 
electrical conduit fitting. Invariably, such a fitting had 
heen in prolonged contact with a damp wall—usually in 
a basement—and examination of the product of corrosion 
revealed that chloride was a constituent. Reference to 
this matter has already been made elsewhere.! 

Corrosion tests with sheet zine in contact with wet 
building materials?:* showed that, of those in common 
use, gypsum was the most potentially corrosive. It was, 
accordingly, selected as the corroding medium in the 
present tests. 

It should be appreciated that experience has shown 
that the heavy corrosion to which reference has been 
made is liable to occur only through contact with interior 
walls and that, even so, more than a slight degree of 
dampness is an essential if the rate is to be high. In open 
outdoor situations, the action of rain is obviously 
— in eliminating soluble corrosive salts from 
walls, 


Te object of the tests which are described in this 


Corrosion Tests 
(a) Initial series, with rolled zine 

At first, tests were made with specimens, 30 mm. x 
0-35mm., cut from commercial zine sheet 
containing 1-0°%, lead, 0-08°%, cadmium, 0-02°, copper, 
0-03°,, iron and 0-003°%, tin. Sheet zine was selected as 
being immediately available and giving a specimen of 
suitably thin section. 

Four pairs of specimens were cleaned with magnesium 
oxide paste, rinsed and dried. Another pair was Cronak 
treated in accordance with D.T.D. 923, and two pairs 
were phosphate pretreated by a proprietary process. A 
black unmodified phenol formaldehyde enamel applied 
‘to one of the phosphate treated pairs by dipping was 
stoved jor one hour at 150°C. The second phosphate 
treated pair was coated with a bitumastic paint by 
brushin , and one of the four cleaned pairs was similarly 
coated. A second cleaned pair was coated with an air- 
drying « cllulose-glyptal lacquer by dipping. A third 
pair wos coated with a chromated protein film* by 
dippin. first for 15 seconds in a solution consisting of 
gn | egg albumen, 50 ml./l. ammonia (0-88 S.G.) 
nd 2. 1. potassium chromate. These two specimens 
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were then transferred, with an intermediate rinse, to a 
2°, solution of chromic acid (CrO,) and immersed therein 
for 30 seconds. On removal they were permitted to drain 
and dry in air. 

The specimens, including those without protective 
treatment, were weighed and each embedded upright to 
a depth of 35 mm. in a block (some 5-5 cm. in diameter 
x 4:5 em. in height) made by casting a commercial 
gypsum plaster (containing 0-046°, chloride) around it. 
One pair of blocks containing unprotected specimens was 
permitted to dry and remain so. The remainder were 
immersed daily to the rim of the plaster in distilled 
water and removed after one minute. In this way they 
were maintained in a permanently damp condition 
throughout the tests. 

After 83 days, one of the unprotected pair of specimens 
in damp plaster had been so corroded at the level of the 
top of the plaster that the exposed portion fell. An 
attempt was then made to cut open the block and 
remove the buried portion of the specimen. The zinc 
sheet was so weakened, however, as the resuit of corrosion 
that removai was not possible. 

After 107 days of test, one of each of the remaining 
pairs of blocks was cut open and the specimens were 
removed, and cleaned carefully, and weight losses due to 
corrosion were determined. At this stage the unprotected 
specimen still in plaster remained erect but was never- 
theless much corroded at the level at which it emerged 
from the plaster. 

The remaining set of specimens was removed from 
plaster after 203 days of test. In this time, the lacquer- 
coated and the unprotected specimens had suffered 
severely. The weight loss figures for both sets of 
specimens are given in Table I. 


TABLE IL.—RESULTS OF CORROSION TESTS ON SHEET ZINC 


Specimens : Rolled zinc 30 x 45 * 0-35 mm. 
Area buried : 21 sq. em. 

Average specimen weight : 1-260 gm. 

Periods of test: 107 days and 203 days. 


Weight loss (grams) 


Treatment 
107 days | 203 days 
None (Dry plaster test) 0-067 0-089 
Cronak .. «- 0-007 0-013 
Chromated protein 0-006 0-025 
Phosphate, stovedenamel .. ..  .. 0-001 0-005 
Bituminous paint .. 0-009 0-013 
Phosphate, bituminous paint se 68 0-007 0-903 


N.d.— Weight loss not obtainable owing to seriously weakened condition of 
specimen. 
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It was evident that the unprotected specimens had 
suffered very little in plaster which had been allowed to 
remain dry. Table | shows that the major weight loss 


oecurred during the period of drying, the average rate of 


penetration falling from 0-0006 in. per year in the first 
107 days of test to 0-0002 in. per year in the remaining 
time. In contrast, the unprotected specimens were 
corroded at a fairly rapid rate in damp plaster. Suffering 
corrosion from both sides, a thickness of 0-35 mm. was 
penetrated within 83 days. The lacquer coating 
provided some protection initially but virtually none 
thereafter. 

The weight losses suggest a good degree of protection 
from both stoved enamel and bitumastic paint coatings, 
and this was generally the case. However, after 107 
days, the specimens (plain and phosphate treated) 
coated with the paint showed evidence of local corrosion 
at the level of the top of the plaster and particularly at 
their edges. In the case of the specimens coated with 
stoved enamel, corrosion in the same locality could be 
detected, on close inspection, at the conclusion of the 
test. 

A very significant feature of the results, however, 
revealed both by examination and by the weight loss 
figures, was the degree of protection afforded by both 
treatments based on chromate. 


(b) Tests with zine alloy die castings 
Tests were made in a similar manner with zine alloy 
die castings, in Alloy A of B.S.1004, of suitably small size 
and thin section. The castings employed were, in fact, 
covers for “ Tees ” and trough boxes, for } in. conduit. 
The former had an estimated surface area per side of 12 
sq.cm. The latter were sawn in half to give two 
specimens with a surface area of 11 sq. em. per side. 

In these further tests 1-5°,, by weight sodium chloride 
was added to the dry plaster before it was mixed and 
poured, and as-cast, Cronak treated and phosphate 
treated specimens were included. The trough box 
covers were tested in partially buried condition, while the 
“Tee ” covers were lightly pressed in surface contact 
with the plaster. Areas of contact with plaster were 
respectively 14-5 sq. em. and 12 sq. em. 


Fig. 1.—Duplicate specimens 
in surface contact with damp 
plaster, after 112 days. Pro- 
tective treatments: (left to 
right )—unprotected ; Cronak 
treated ; phosphate treated. 


One set of specimens was removed after 91 days of 
test in damp plaster. By this time the upper faces of the 
as-cast and phosphate treated specimens in surface 
contact with the plaster showed evidence of corrosion on 
a substantial scale, decreasing inwards from the edge. 
The upper faces of the Cronak treated specimens, by 
contrast, were entirely free from product of corrosion and 
no more than slightly darkened around the edges. The 
badly corroded specimens had become detached from 
their beds, presumably on account of the stress set up by 
the heavy formation of corrosion products on their lower 
faces, from the edge inwards. On its underside the 
Cronak treated specimen was again free from corrosion 
product. 

The as-cast and phosphate treated specimens tested 
in a semi-buried position showed considerable evidence 
of corrosion at and about the level of the plaster. Again 
the Cronak treated specimen was satisfactory being no 
more than slightly leached of colour over its buried 
surface. 

Removal of corrosion product and plaster was effected 
by immersion in dilute (5°, by volume) acetic acid for 
10-30 seconds and by careful brushing. After rinsing 
and drying, all specimens were weighed. 

In Table II are set out the weights of the specimens in 
their original condition, after protective treatment (where 
used), and after cleaning at the conclusion of the tests :— 


TABLE IL-—-RESULTS OF CORROSION TESTS ON ZINC-ALLOY 
DIE CASTINGS 
Specimens : Zine alloy die castings in Alloy A of B.8.1004. 
irea buried : 12 sq. cm, for specimens in surface contact. 
14-5 ,, semi-buried specimens. 


Period of test: 91 days. 


Weight 

Original Weight after after test Weight 

Weight Treatment treatment and cleaning loss 

(gram) (gram) (gram) (gram) 
(i) Semi-buried specimens 

11-056 None 8-412 2-644 

10-902 Cronak 10-908 10-905 (+)0-002 

11-527 Phosphate 11-546 10 +376 1-170 
(i) Specimens in surface contact 

11-016 None — 9-760 1-256 

10-803 Cronak 10-804 10-800 , 004 

11-384 Phosphate 11-405 9-717 685 
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Fig. 2. Duplicate specimens 
in surface contact with damp 
plaster, after 112 days. Pro- 
tective treatments: (left to 
right )}—_phosphate treated 
and stove enamelled ;_ bitu- 
mastic paint coated (showing 
incipient edge breakdown) ; 
phosphate treated and bitu- 
mastic paint coated. 


(c) Further tests with zinc alloy die castings 

The tests in plaster blocks containing 1-5°, sodium 
chloride (on the dry weight of plaster) were extended to 
include further protective schemes and to permit a 
longer period of contact. 

As before, provision was made for one of a pair of 
specimens to be partially buried and the other to be 
pressed in surface contact with the plaster, and for tests 
of 6 months and 12 months duration. The specimens, in 
pairs, represented the following methods of protection :— 

(1) Cronak treatment 
(2) Protein chromate treatment 

(3) Phosphate treatment 

(4) Laequer 

(5) Stoved enamel, phosphate pretreatment 

(6) Bitumastic paint 

(7) Bitumastic paint, phosphate pretreatment 

(8) Stoved enamel, Cronak pretreatment 

(9) Bitumastic paint, Cronak pretreatment 

Two pairs of as-cast specimens were included as 
standards of reference and the lacquer, enamel and paint 
were those employed hitherto. In view of a shortage of 
“Tee” covers, halves of trough boxes were employed 
for certain of the specimens tested in surface contact 
with plaster in these extended tests. Where differences 
in area in contact with plaster exist on this account, they 
are indicated in the tabulated results which follow. 

The as-cast, phosphate treated and lacquered speci- 
mens showed evidence of corrosion at a very early stage. 
After 14 weeks, the bitumastic paint commenced to 
break lown at the edge of the untreated specimens. This 
condit on appeared after 21 weeks in the case of the 
simile ‘y coated specimens which had been phosphate 
pretre ted. Thereafter, until the conclusion of the tests, 
ho ot er specimens showed obvious evidence of break- 
down fthe protective systems. Inspection in situ was 
not, | .wever, to be relied upon with complete confidence 
owin to difficulty in distinguishing clearly between 
prod of corrosion and efflorescence caused by the 
‘odin chloride present. The condition of certain 
speci ns after 112 days of test is shown in Figs. 1 and 2. 

Or complete set of specimens was removed from 
plas’ after six months of test. Adherent corrosion 


product and plaster were removed and the specimens 
were weighed after rinsing and drying. The remaining 
set was permitted to stay for a further period of six 
months. The quantitative results for these specimens 
are given in Table ITT. 

The heavily corroded appearance of the as-cast 
specimens was consistent with their weight loss figures. 
Corrosion was most intense at the edge of the horizontal 
specimens and at the level of the plaster in the case of 
the semi-buried specimens tested for six months. In a 
curious manner, one of those tested for 12 months had 
suffered very lightly, as shown by weight loss. Corrosion 
in the case of the phosphate treated specimens followed 
closely that of the as-cast. 

The chromate treated specimens remained in very 
good condition. There was some surface leaching of the 
Cronak film, and after 12 months both the Cronak 
treated and chromated protein treated specimens 
showed small local specks of bloom suggestive of very 
light corrosion. In all cases, however, the weight losses 
were conspicuously low. 

The lacquer afforded only a moderate degree of 
protection to the horizontally inclined specimens and 
even less in the case of those semi-buried. Of the latter, 
that exposed for 12 months was found to be in two pieces. 

The bitumastic paint had afforded a reasonable degree 
of protection over much of the surface. Breakdown had 
occurred at edges in the case of the horizontal specimens 
and at plaster level in the case of the vertical, and 
corrosion had spread from these places. The vertical 
specimen tested for 12 months had been penetrated at 
the plaster level. Apart from delaying the initiation of 
breakdown, phosphate treatment had had some benefit 
in impeding its spread. 

The stove enamelled specimens, phosphate pretreated, 
were, in the main, in perfect condition. There were, 
however, isolated small areas at the edge where corrosion 
had commenced. These were most noticeable in the case 
of the semi-buried specimen tested for six months. In 
the case of the enamelled specimens which had been 
Cronak pretreated, in keeping with the negligible weight 
changes which they exhibited, there was no detectable 
evidence of corrosion, 
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Fig. 4. 


Specimens shown in 
Fig. 3, after cleaning. 


Fig. 3.—Specimens ©. re. 
moval from surface c )ntact 
with damp plaster, af er 12 
months. Protective treat. 
ments: (top row, left to 
right)—unprotected ; Cronak 
treated; protein chromate 
treated ; phosphate treated: 
(bottom row, left to right)- 
lacquered ; phosphate treat. 
ed and stove enamelled: 
bitumastic paint coated; 
phosphate treated and bitu- 
mastic paint coated. 


Fig. 5.-Specimens  semi- 

buried in damp plaster, after 

12 months. (Arrangement 
as in Fig. 3). 
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Fig. 6._Specimens shown in 
Fig. 5, after cleaning. 


Fig. 8._-Cleaned specimens, 
after testing for 6 months 
(top row), and 12 months 
(bottom row). The upper 
member of each pair was 
tested in surface contact with 
plaster, the lower member 
being semi-buried. Protect- 
ive ireatments: (columns, 
left 1o right) — phosphate 
‘d and stove enamelled ; 
nastic paint coated ; 
phate treated and bitu- 
ic paint coated; un- 
‘cted; Cronak treated 
tove enamelled ; Cronak 
and bitumastic paint 
coated. 


Fig. 7.—-Cleaned specimens, 
after testing for 3 months 
(top row), 6 months (middle 
row), and 12 months (bottom 
row). The left-hand member 
of each pair was tested in 
surface contact with plaster, 
the right-hand member being 
semi-buried. Protective 
treatments: (columns, left 
to right)—unprotected ; 
Cronak treated ; protein 
chromate treated ; phosphate 
treated ; lacquered. 
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TABLE IIL--RESULTS OF EXTENDED CORROSION TESTS ON ZINC 
ALLOY DIE CASTINGS PROTECTED BY VARIOUS METHODS 


Specimens : Zine alloy die castings in Alloy A of B.S.10 04. 
Area buried ts indieated, 
Periods of test ; 6 months and 12 months, 
Weight 
Original Weight after Weight Area 


Weight lreatment ifter test and loss buried 
treatment cleaning 
(gram) (gram) (vram) (vram) (sq.cem.) 


Moaths 1 est 


(1) Semi-buried specimens 


11-169 None 14-5 
pa 
Cronak 11-785 
Protein Chromuate O-o21 
447 Phosphate 457 1-178 
Phosphate & Enamel 
Ritumastic Paint 11-186 116 
11-506 Phosphate & Bitu 11-691 0-275 
mastic Paint 
11-262 Cronak & Enamel 11-354 11-357) 
11-385 Cronak & Bitumastix 11-506 11-496 | 
Paint 
(il) Spectmens in surface contact 
None 2.98 12 
11-258 on 1-350 11 
106 (ronak 11- 19s 0-029 12 
11-037 Protein Chromate O-O18 
Phosphate 11-106 2.503 
11-105 Phosphate & Enamel 11-358 0-008 iia 
itumastic Paint 11-115 O-320 
Vhosphate & Bitu 10-950 O-465 
mastic Paint 
11-678 Cronak & Enamel 11-734 Nil 
10-651 Cronmak & Bitumuastic 10-908 10-782 
Paint 
12 Months Test 
(1) Semi-buried specimens 
Nowe 11-315 14-5 
Lacquer 11-616 7-925 3-601 
12-165 Bittumestic 12-237 10-967 1-270 
1b 257 Phosphate and bit 
Paint | 
11-126 Cronak & Enamel! 11-248 11-260) 4 o-oo? 
osu Cromek and Bitu 11-665 11-6z4 O-O41 
thastic | t 
Hens in Surfed 
1132s 1-4 
Cronak & 74s 11-680 0-078 


Where Cronak pretreatment had been used in con- 
junction with bitumastic paint, the specimens underwent 
& partial removal of the paint on being detached from 
the plaster blocks. Examination of the exposed surface, 
however, revealed no evidence of corrosion and, on the 
basis of visual estimates of the proportion of coating 
removed and the known total weights of coating, it was 
possible in each case roughly to aceredit the weight 
losses exhibited to the weights of bitumastic paint 
stripped away. 

Having regard to the small weight losses exhibited by 
those Cronak treated specimens not additionally 
protected, it was not an unexpected finding that those 
Cronak treated specimens coated with bitumastic paint 
remained in excellent condition beneath the paint cover. 

The condition after 12 months of test of certain 
specimens is shown in Figs. 3, 4, 5 and 6, which include 
specimens before removal from plaster, together with 
specimens before and after cleaning. Figs. 7 and 8 show 
the condition of all the die cast zine alloy specimens after 
test and cleaning. 


Consideration of Results and Recommendati 1s 
The weight losses recorded need to be examined \ th 
some care since, as a general rule, the corrosion suff ed 
was by no means of a uniform character. For jis 
reason, local penetration was appreciably in excess of 
that calculable on the assumption of even gen ral 
corrosion. 

The initial tests with rolled zine in damp pla: ter 
conveyed that sheet 0-35 mm. in thickness corroded on 
both faces was penetrated within 82 days. ‘his 
represents a rate of penetration of 0-03 in./year. Ag:in, 
a deep pit on an unprotected die cast zine alloy specimen 
in contact with damp plaster with added chloride 
represented local corrosion at a rate equivalent to about 
0-15 in. year. Certain of the zine alloy specimens (1-9 
mm. in thickness) were perforated within 12 months, but 
none entirely within six months. The rate of penetra- 
tion, based on these data, lies between 0-04 and 0-08 
in. /year. 

From the results of the tests as a whole, however, it is 
abundantly clear that unprotected zinc alloy die castings 
are liable to very severe corrosion if employed in 
conditions which entail permanent or prolonged contact 
with damp plaster, particularly if chloride is present. 
Corrosion was most severe at the edges of the “ flat” 
specimens and in the vicinity of the level of the plaster 
in the case of those semi-buried. Clearly it is in these 
regions that corrosion commences, thereafter spreading 
inwards in the case of the “ flat specimens and down- 
wards in the case of those semi-buried. 

Phosphate treatment alone had no beneficial influence. 
The air-drying cellulose glyptal lacquer afforded some 
measure of protection in the case of the “ flat ” specimens 
but virtually none in the case of the semi-buried on 
which it caused only a brief delay to the onset of 
corrosion. The stoved enamel coating, in conjunction 
with phosphate pretreatment, on the other hand, 
provided an excellent degree of protection over most of 
the surface, with the disadvantage that in time corrosion, 
if on a limited scale, took place locally at points of 
weakness or deficiency in the enamel coating. The 
danger of intense local corrosion arising with this scheme 
of protection is obvious, even if the lateral spread of 
corrosion is hindered by the firmness of adhesion of the 
enamel secured by the combination of phosphate pre- 
treatment and the toughness of the stoved coating. 

The bitumastic paint, either alone or in conjunction 
with phosphate pretreatment, did not constitute a 
satisfactory form of protection. It permitted local 
corrosion, without the same restriction on its spread, 
which the stoved enamel coating exhibited within the 
period of the tests. The phosphate pretreatment had 
the effect of both delaying the onset of corrosion and 
somewhat restricting the area affected, but both effects, 
though real, were observed to be of small magnitude. 

The significant feature of the results of the tests, 
however, is the degree of protection which chromate 
treatments, have afforded throughout. Evidently, the 
sparingly soluble hexavalent chromium constituent of 
the Cronak coating, while capable of being leached in the 
damp conditions which prevailed, remained in the 
immediate neighbourhood of the coated metal surface. 
This is understandable, but the more surprising fact is 
that protection was provided despite the sodium chloride 
added intentionally. 

The chromate treatments, without any auxiliary 
protection, have remained effective in 12 months of test 
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and he specimens concerned show no positive evidence 
of « vosion. Taken in conjunction with the known 
mou. of protection of the Cronak coating, it is logical to 
assuiue that Cronak treatment alone would continue to 
prot: ct for an extended term. Even so, there is wisdom 
in sec! .ng the safeguard of an auxiliary organic coating. 
The vests have shown both a stoved phenol formaldehyde 
enanicl and a bitumastic paint to advantage in this 
connection. The former showed no evidence of local 
breakdown, as when phosphate pretreatment was 
employed, the latter remained, sound and complete as a 
coating in situ, and broke away in part only in the course 
of dismantling the plaster blocks to remove and clean 
the test specimens. This cannot, however, be held as a 


major disadvantage of such a system of protection. 

It can, therefore, be recommended that as a protection 
against corrosion of zine alloy die castings by damp 
interior walls, a chromate treatment, such as Cronak 
treatment, be adopted and that an auxiliary organic 
coating be applied specifically to preserve the Cronak 
coating. 

There is, moreover, obvious merit in the adoption of 
Cronak treatment as a general safeguard for those zinc 
alloy fittings used on or in interior walls which would not 
be protected otherwise. This simple chemical treatment 
would overcome the danger of corrosion through pro- 
longed dampness resulting from unforeseen events such 
as burst water pipes. 


Oil Pipeline Valves 


AmonG the most significant orders for oilfield equipment 
so far undertaken by British steel foundries is one for a 
‘quantity of 16 in. plug valve body and ancillary castings 
now in production at The David Brown Foundries 
Company, of Penistone, near Sheffield. These valves, 
which are being supplied to the Audley Engineering 
Company, are for the Iraq Petroleum Company’s new 


30 in. pipeline which will run 700 miles from the Kirkuk 
oilfiel! in Iraq to a new terminal at present under 
construction on the Mediterranean coast north of Tripoli 
inthe Lebanon. Chief significance of the order is that it 
covers plug valves of a size and capacity never before 
built outside the United States. 

Me in David Brown Mark I carbon steel and con- 
form’ to American specification, these 16 in. hypreseal 
valves are of the lubricated taper plug type, with manual 
oper. ion by means of a double worm reduction unit. 
The lve bodies have welding neck flanges for welding 
dire’ vy into the pipeline. For this reason no defect 
wha’ er may be tolerated in the casting or manu- 
fact) since the valve, once installed, cannot be stripped 
wit! emptying the pipeline and cutting away the 
valy vith an oxy-acetylene burner. 
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Oil flow in the new line will be maintained by booster 
pumping stations, linked at the inlet and outlet by 16 in. 
valves capable of withstanding an outlet pressure of 750 
Ib./sq. in. Of the many other valves associated with 


“storage tanks and manifold lines, the majority are of 


smaller sizes. 


New Soldering Film 

At a function held in London recently, some 150 guests 
of H. J. Enthoven & Sons, Ltd. saw the first presentation 
of a new film on soldering, The Vital Link. The film 
shows the manufacture and use of “ Superspeed,”’ 
Enthoven’s new coloured cored solder which was de- 
signed primarily to provide the essential safeguard 
against the formation of defective soldered joints. 

“‘ Superspeed ” contains a non-corrosive chemically 
activated rosin-based flux which accelerates the process 
of soldering by imparting a more vigorous fluxing action 
to the rosin. This increased fluxing activity makes it 
certain that even oxidised or contaminated surfaces will 
be perfectly soldered. An important advantage is the 
design of the core—a stellate pattern with six flutes, each 
radiating from a central core to a point much closer to the 
periphery of the solder. Part of the fiux core being 
located nearer to the outside of the solder enables the 
heat to penetrate more quickly and this results in earlier 
liberation of the flux. The design of the core does not 
impair the mechanical strength of the solder wire. A 
particular feature of the activating medium incorporated 
in the flux core is its solubility in rosin, ensuring perfectly 
even distribution. In the Enthoven Works, as the film 
shows, all materials going into the finished solder are 
subjected to vigorous testing before they are passed for 
production. Lead and tin are purified by special processes 
and close chemical control is maintained at all stages. 

Produced and directed by Stanley Schofield, The Vital 
Link is processed in Kodachrome. The script is by Ian 
Black, the commentary by Frank Phillips, and technical 
liaison by F. A. Fox, D.Sc., and E. F. Guest, of Enthovens. 
Acknowledgments are due to the British Museum, British 
European Airways, A. C. Cossor, Ltd., Harrow Technical 
College, E.M.I. Factories, Ltd., Hollerith, Ltd., Joseph 
Lucas, Ltd., and the staffs of the Enthoven Works and 
Laboratories at Croydon, Rotherhithe, Darley Dale, and 
the London Head Office, without whose co-operation the 
film could not have been produced. 

Readers may be interested to learn that copies of the 
film may be borrowed from H. J. Enthoven & Sons, Ltd., 
and, where required, the Company will arrange for a 
member of its technical staff to accompany the film to 
deal with any queries that may arise, or to give a talk on 
solders and soldering. 


a 
279 


Isothermal Transformation Diagrams for 
Nickel Steels 


II—Practical Applications and Diagrams for Individual Steels 


An extensive study of the isothermal transformation of nickel steels has been made by 
the Research and Development Department of The Mond Nickel Company, to whom 


we are indebted for permission to publish this article. The first part dealt with general 

aspects of isothermal transformation diagrams, including methods of determination, 

factors influencing the shape of the curves, and limitations to be borne in mind in their 

use. In the second part, published this month, reference is made to the practical application 

of the information to be obtained from the diagrams, of which those for the more important 
nickel alloy steels are presented. 


thermal transformation diagrams can be of great 

assistance in increasing the understanding and con- 
trol of the heat-treatment of alloy steels, for they provide, 
in a way which no other type of diagram can, a chart 
which enables one to visualise and anticipate how the 
steel will behave during heat-treatment. The remainder 
of this article is devoted to a consideration of the 
application of the diagrams to practical heat-treatment 
operations. 


Cooling Curves of Oil-Quenched and Air-Cooled 
Bars 


Typical cooling curves for the centre, mid-radius and 
“near-surface ” positions of bars cooled in air and 
quenched in oil are reproduced in Figs. 12 to 17. These 
were determined using samples of a deep-hardening steel 
to ensure that the curves were affected by transformations 
only at the lowest temperatures. The oil-quenched bars 
were stirred in the quenching medium relatively slowly 
and the air-cooled bars were suspended in still air. 
Slightly different curves will be observed for bars 
quenched in different oils or stirred at different rates, and 
the nature of the scale formed on the surfaces of the bars 
during heat-treatment will also be found to modify the 
cooling curves of both oil-quenched and air-cooled bars. 
Nevertheless, the curves presented in Figs. 12 to 17 are 
believed to be representative of the average cooling 
curves of bars individually quenched in oil, or cooled in 
air. The cooling curves of bars quenched in bundles will 
of course be very different. 

The cooling curves of a steel in simple shapes, such as 
cylinders, plates, cubes and spheres, when quenched in a 
given medium, are determined primarily by their ratios 
of volume to surface area. A close approximation to the 
cooling curve at the centre of shapes other than cylinders 
is therefore provided by the cooling curve for the centre 
of a bar possessing the same ratio of volume to surface 
area®®’, When using the cooling curves of Figs. 12 and 13 
for this purpose it can be assumed that the curves were 
determined using bars of infinite length. 

These cooling curves have been included in this 
article primarily because of their general usefulness in the 
control and planning of heat-treatment schedules. They 
can be used, hewever, to a limited extent in conjunction 
with the isothermal transformation diagrams, provided 


Pitermat te their limitations are appreciated, iso- 


28 French, J., ana Klopseh, O. Z. The Characteristics of Some Quenching 
Curves.” U.S, Bureau of Standards, Technical Publication No. 313, 1926, 


the severe limitations indicated later are fully appres 
ciated. By drawing the appropriate cooling curve on an 
isothermal transformation diagram, some impression can 
be obtained of whether a steel when quenched in a certain 
size will fully harden and, if not, in which temperature 
range prior transformation is likely to occur. For this 
purpose the course of cooling at temperatures above the 
Ae, temperature need not generally be considered. Rates 
of transformation in this temperature range are slow and 
alloy steels of the types likely to be considered for full 
hardening are unlikely to transform above the Ae, 
temperature during continuous cooling. When drawing 
cooling curves on isothermal transformation diagrams, it 
is therefore convenient to start at zero time and the Ae, 
temperature, and to plot only that part of the cooling 
curve below this temperature. If the curve falls wholly 
to the left of the curve indicating the start of transforma- 
tion, the steel will harden fully. If the curve crosses the 
transformation curves by a wide margin, full hardening 
cannot be expected, and an indication of the type of 
structure which will be developed is provided by the 
range of overlap and the rates of transformation in this 
temperature range. If the curve cuts the diagram by a 
narrow margin or runs close to the diagram, some 
experimental checks are advisable to assess the suit- 
ability of the steel more closely. 

It must be emphasised that the superimposition of 
cooling curves on isothermal transformation diagrams is 
open to criticism and attempts to derive detailed 
information can rarely be justified. 

A number of investigators have endeavoured to fore- 
cast from isothermal diagrams the course of transforma- 
tion under continuous cooling conditions. For example, 
Scheil®*, and later Steinberg*®, proposed a method for 
calculating the temperature at which transformation 
begins during continuous cooling. They suggested that 
“fractional nucleation times” (i.e., the time spent at 
each temperature during cooling, divided by the induction 
period at that temperature) are additive and that trans- 
formation begins when the sum of these fractions reaches 
unity. Manning and Lorig*! later suggested that frac- 


tional nucleation times in the region of one type of 

29 Scheil, E. “ Initiatory Period of the Austenite Transformation.’ irch. 
Bisenhittenwesen, 1935, vol. 8, pp. 565-67. 

30 Steinberg, S. “ Relationship between Rate of Cooling, Rate of [rans: 


formation, Undercooling of Austenite and Critical Rate of Que! 
Vetallurgy, 1938, vol. 13, No. 1, pp. 7-12. 

31 Manning, G. K., and Lorig, C. H. “ The Relationship between | mt 
formation at Constant Temperature and Transformation during ( 
Trans. Amer, 14*t. Min, Met. Eng., 1946, vol. 167, pp. 442-65. 
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Fig. 13.—Air-cooling curves for the axial position of 
1 to 6 in. dia. bars. 
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Fig. 15.—Air-cooling curves for the mid-radius position 
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Fig. 16.—Oil-cooling curves for the mid-radius position 
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transformation are not additive to those in another, in 
other words time spent in the pearlite formation tem- 
perature range does not contribute to the time required 
for transformation in the intermediate range. Whilst 
these ideas may well be an over-simplification of the true 
relationship between isothermal and continuous cooling 
transformations, experimental work suggests that they 
are not seriously in error®. 

Attempts to derive, from isothermal transformation 
diagrams, detailed information on the subsequent course 
of transformation once transformation has been initiated, 
have been less successful. Two of the more important 
difficulties may be mentioned. Firstly, it is uncertain to 
what extent transformation products formed at one tem- 
perature nucleate transformation at lower temperatures. 
Secondly, partial transformation in one temperature 
range may modify the composition of the untransformed 
austenite, and thus alter its transformation behaviour at 
lower temperatures. For example, the separation of 
pro-eutectoid ferrite in the pearlite range will increase the 
carbon content of the untransformed austenite. This 
enriched austenite will transform more reluctantly in the 
intermediate range and will have a lower M, temperature 
than austenite of the original composition. 


Special Heat Treatments Based on Isothermal 
Transformation Diagrams 
A number of special heat-treatments have been 
gradually evolved from isothermal transformation dia- 
grams. These, it must be emphasized, do not comply 
with the heat-treatment procedures specified in current 
B.S. specifications. 


Martempering, Interrupled-Quenching and 
Time-Quenching 

Martempering involves quenching the part to be 
treated from the austenitising temperature into a salt or 
molten metal bath at a temperature just above the M, 
temperature, holding at this temperature for a sufficient 
time to allow equalisation of temperature throughout the 
part, and then cooling, usually in air, to room temperature. 
By cooling rapidly to just above the M, temperature, 
transformation to pearlite is avoided, and by holding at 
this temperature thermal gradients are smoothed out. 
Consequently, while the part is subsequently cooling to 
room temperature, the martensite reaction occurs almost 
simultaneously at different points across the section of 
the component, and internal stress, distortion and 
quench-cracking are thereby reduced. If full hardening 
is to be developed, it is obviously essential that no trans- 
formation to intermediate structure should occur at the 
martempering temperature, and it therefore follows that 
the time required for the equalisation of temperature 
should not exceed the incubation period at the mar- 
tempering temperature. Unfortunately, the incubation 
periods for most of the standard constructional steels are 
too short, in the relevant temperature range, to allow 
substantial equalisation of temperature in any but the 
smallest sections. The transformation characteristics of 
many of the higher carbon steels, which might be ex- 
pected to benefit more from the treatment, are, on the 
other hand, quite suitable for martempering provided the 
sections treated are not unduly large. 

Two compromises are possible if the incubation period 
is too short for martempering, either to allow partial 
32 Pumphrey, W. 1 nd Jones, F. W. “ Inter-Relation of Hardenability 


and Isothermal Transformation Data.” Jal. dren and Steel Inst., 1948, 
vol. 159, pp. 157-44. 


transformation to intermediate structure to occur at .e 
martempering temperature and thereby derive the be .e- 
fits of a martempering treatment at the expense c a 
sacrifice of mechanical properties, or alternatively to se 
an “interrupted quench”. Many isothermal trans‘ r. 
mation diagrams show a temperature range, between he 
pearlite reaction and the intermediate reaction, wit cin 
which austenite is relatively stable. By quenching to 
this temperature, holding long enough to allow equal. sa- 
tion of temperature and then oil- or air-cooling through 
the martensite range, it is possible to obtain some of | he 
benefits of martempering for a steel which would other- 
wise be unsuitable. 

It is frequently inconvenient to quench a component 
into a salt or molten metal bath at the martempering 
temperature and under these circumstances “ time- 
quenching ” may be adopted. For this treatment the 
part is quenched in oil, withdrawn when it reaches the 
martempering temperature and then allowed to cool 
immediately in air. 

Time-quenching is less beneficial then martempering 
but is much more readily applied under production 
conditions and is of undoubted value in reducing cracking 
and distortion. The cooling curves of Figs. 12 to 17 
should assist in determining the requisite quenching 
times for different sections. 

A consideration of the isothermal transformation dia- 
gram will show to which of these modified treatments a 
particular steel is most suited. 


Austempering 

Austempering treatments are intended to develop 
microstructures consisting wholly or substantially of 
intermediate structure. Accordingly, the steel is austeni- 
tised, cooled to the selected temperature at a sufficient 
rate to avoid prior transformation to ferrite or pearlite, 
held at that temperature for the time required for 
complete transformation and then cooled to room tem- 
perature. The temperature chosen for austempering 
depends on the hardness required and the rate of trans- 
formation of the steel. In view of the variation of 
transformation characteristics known to exist within 
billets and bars of commercial steel, it is necessary to 
austemper for approximately double the time indicated 
by the appropriate isothermal transformation diagram. 
The rate of cooling from the austempering temperature 
after transformation is not usually important and, de- 
pending on the properties required, the steel may or may 
not be subsequently tempered. 

In view of what has been said of the disadvantages of 
intermediate structures it may seem strange to promote 
their development deliberately. Under certain circum- 
stances, however, these structures do possess certain 
advantages. For example, Davenport Roff and Bain,” 
have shown that better ductility is developed by austem- 
pering high carbon steels to hardness values of the order 
of 50 Rockwell C (approximately 550 D.P.N.) than by 
fully hardening and tempering to the same hardness 
value. Again Bennek and Bandel™ have shown that the 
creep properties of certain intermediate structures in the 
temperature range 400°-500° C. are superior to those of 
tempered martensite. 


33 Davenport, E. 8.. Rofl, E. L., and Bain, E. C. “ Microscopic Cracks m 
Hardened Steel, Their Effects and Elimination.” Trans. Amer. Soc, Metals, 
1934, vol. 22, pp. 289-310. 

Bennek, H., and Bandel, G. “ The Influence of the Genesis of Crystalline 
Structure Resulting from Heat-Treatment and Alloy Content on the Creep 
Strength of Steel.” Stahl und Eisen, 1943, vol. 63, pp. 653-59, 675-94, 
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Chemical Composition 


Permitted Analysis of 
Analysis Range. Steel Studied. 
Weight % Weight 
| 

Carbon ... : 0-30-0-45 0-34 
Silicon owl 0-10-0-35 0-20 
Manganese...) not 1-50 1-06 
Nickel 0-75 
Sulphur .. .| not os 0-040 
Phosphorus .... not more than 0-05 0-037 
Chromium _...| 0-23 
Molybdenum 0-02 
Grain Size 


As-quenched grain size :-—7 and8 .S.T.M.). 
McQuaid-Ehn grain size :—(A.S.T.M.). 


Chemical Composition 


Fig. 19.—B.S. En 12— 


Additional Transformation Data 
Austenitising conditions :—30 mins. at 845° C. 


ISOTHERMAL TRANSFORMATION DIAGRAMS FOR NICKEL STEELS 


Isothermal Conditions 
transformation at end of isothermal treatment. 
temperature. 
Hardness. | Austenite transformed. ~* 
D.P.N. % 
ax 
> 
700 380 | 20 bs 
650 180 100 = 
600 160 100 o 
550 220 100 = 
500 250 100 
450 280 100 
400 370 100 
350 470 100 


1°, nickel steel. 


Permitted Analysis of 
Analysis Range. Steel Studied. 
| Weight % Weight % 
Carbon ... 7 0-35-0-45 0-40 
Silicon “a 0-10-0-35 0-26 
Manganese | 0-50-0-80 0-62 
Nickel | 3-25-3-75 3-45 
Chromium | not more than 0-30 0-28 
Sulphur ... .... not more than 0-05 0-005 
Phosphorus not more 0-05 | 0-007 
Molybdenum .. ; | | 0-10 
Method of 
Basic electric arc. 
Grain Size 


As-quenched grain size :—-5 (A.S. M.). 
McQuaid-Ehn grain size :—5 and + (A.S°T.M.). 


Chemical Composition 


Analysis of 


| Permitted | 
Analysis Range. = Steel Studied. 
Weight % eight 
| 

Carbon ... ... 0-25-0-35 | 0-33 
Silicon... 0-10-0-35 0-23 
Manganese ...| 0:45-0:70 0-57 
Nickel... 2-75-3-50 3-26 
Ch omium .| 0-50-1-00 0-85 

Mo yodenum ...| not more than 0-65* 0-09 
Su'ohur ... ...) not more than 0-05 0-007 
Ph sohorus ...) not more than 0-05 0-005 


| 


* Optional. 


Mod of Manufacture 
sic electric arc. 

G Size 
quenched grain size :—9 (A.S.T.M.). 
Quaid-Ehn grain size :—4 to 5 (A.S.T.M.). 


Fig. 20.—B.S. En 22—3}-, nickel steel. 


Fig. 21.—B.S. En 23—3% 


SECONDS 


DURATION OF ISOTHERMAL TREATMENT 


miNuTes HOURS 


< 


Austenitising conditions :—30 mins. at 860° C. i 
Isothermal Conditions 
transformation at end of isothermal treatment. 
temperature. 600 
Hardness. | Austenite transformed. Y 
D.P.N. % 
5 
650 8 
600 100 
550 240 99 ro 
500 45 = 
450 310 80 
2 8 
300 450 100 300 Ms_280" 


Additional Transformation Data 
Austenitising conditions :—30 mins. at 835° C. 


Isothermal Conditions 
transformation at end of isothermal treatment. 
temperature. 
Hardness. | Austenice transformed. 

D.P.N. % 

650 450 45 

600 270 100 

550 610 10 

500 690 4 

450 370 80 

360 97 

350 | 410 100 

| 470 100 


nickel-chromium steel. 


TEMPERATURE— °C 


DURATION OF ISOTHERMAL TREATMENT 
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ISOTHERMAL TRANSFORMATION DIAGRAMS FOR NICKEL STEELS 


~ 
Chemical Composition 
Ae 115°C Additional Transformation Data 
Austenicising conditions :—30 mins. at 835° C Permitted Analysis of 
Isothermal Conditions Weight % Weight 
aa transformation at end of isothermal treatment. | _ 
y temperature. 
4 | Hardness. | Austenite transformed. | Carbon 0-35-0-45 0-36 
°C. | D.P.N. | % Silicon 0-10-0-35 0-22 
Mang. 0-45-0-70 0-52 
; — | Nickel 30-1 -80 1-52 
700 180 97 Chromium... 0-90-1-40 1-17 
i 650 | 250 100 Molybdenum ... 0-20-0-35 0-27 
x 600 | 230 100 Sulphur ... not more than 0-05 0-005 
550 640 7 Phosphorus not more than 0-05 0-007 
= Method of Manufacture 
7 350 430 | 100 Basic electric arc. 
q Grain Size 
wat As-quenched grain size :—7 and 8 (A.S.T.M.). 
McQuaid-Ehn grain size :-—4 0 5 (A.S.T.M.). 
seconos, HOURS Fig. 22._B.S. En 24—1}°, nickel-chromium molybdenum steel. 


DURATION OF ISOTHERMAL TREATMENT 


v7 


= 


Ae, 780° C Chemical Composition 
Austenitising conditions :—30 mins. at 835° C. P ye P Analysis of 
roop Ae, 695°C nalysis ange. teel Studied. 
Isothermal Conditions Weight % Weight % 
transformation at end of isothermal treatment. | ' 
temperature. 
O.P.N. Manganese 0-50-0-70 0-56 
Nickel 2-30-2-80 2:37 
> 700 | 610 8 Chromium 0-50-0-80 0-74 
650 210 100 Molybdenum ... 0-40-0-70 0-5! 
« mel 600 | 490 Sulphur ... not more than 0-05 0-012 
- “a ee +4 550 670 nil Phosphorus not more than 0-05 0-018 
4 — 45 Method of Manufacture 
Ms 340°C A ( 350 | 430 100 arc. 
soo} As-quenched grain size :—7 and 8 (A.S.T.M.). 
McQuaid-Ehn grain size :—3 to 4 (A.S.T.M.). 
Fig. 23.—_B.S. En 25—2}°, nickel-chromium-molybdenum 
SECONDS MINUTES HOURS steel (medium-carbon 
- DURATION OF ISOTHERMAL TREATMENT 
Additional Transformation Data 
- . Austenitising conditions :—30 mins. at 835° C. Permitted Analysis of 
7 
{ Isothermal Conditions | Weight % Weight % 
transformation | at end of isothermal creatment. | 
c. O.P.N. Manganese 0-50-0-70 0-56 
5 Nickel... ... 
< | Chromium -50-0- 
= = | Molybdenum .. 0-40-0-70 0-46 
600 690 Sulphur . not more than 0-05 0-005 
550 740 Phosphorus not more than 0-05 | 0-011 
450 360 60 Method of Manufacture 
D4 360 | 98 Basic electric arc. 
300 lS 350 430 | 100 Grain Size 
McQuaid-Ehn grain size :-—5 (A.S.T.M.). 
SECONDS MINUTES sous S Fig. 24.—B.S. En 26—2}°, nickel-chromium-molybdenum steel (high-carbon). 
- DURATION OF ISOTHERMAL TREATMENT 
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ISOTHERMAL TRANSFORMATION DIAGRAMS FOR NICKEL STEELS 


Chemica! Ce ition 200} Ae, 790° C — J 
— | Additional Transformation Data 
Analysis Range. | Steel Studied. Austenitising conditions :—30 mins. at 835° C. 
Weight Weight % 700 
Isothermal Conditions 
transformation | at end of isothermal treatment. 
Carbon . 0-25-0-40 0-32 temperature. 
Silicon 0-10-0-35 0-19 Hardness. | Austenite transformed. ,, © 
Manganese not more than 0-70 D.P.N. % 
Nickel 3-00-4-50 3-02 
Chromium 0-75-1-50 1-37 
Molybdenum ...| 0-20-0-65 0-48 700 550 5 & soo 
Sulphur | not more than 0-05 0-009 650 230 97 2 
Phosphorus ..., not more than 0-05 0-013 600 260 99 2 
Vanadium | — 0-18 550 640 nil a 
500 680 nil 
450 650 nil 
Method of Manufacture 400 490 
Basic electric arc. 350 430 90 
Grain Size 
As-quenched grain size :—9 (A.S.T.M.). 
McQuaid-Ehn grain size :—6 (A.S.T.M.). 


Fig. 25.—B.S. En 28—3}°,, nickel-chromium-molybdenum steel. 


i i i i i 
10 20 2 5 10 20 2S 10 20% 
SECONDS = MINUTES 3 HOURS 


DURATION OF ISOTHERMAL TREATMENT 


Chemical Composition 800) 
| Permitted | . Analysis J Austenitising conditions :—30 mins. at 820° C. 
Analysis Range. teel Studied. 
eight % Weight % Isothermal Conditions 
| | transformation at end of isothermal treatment. 
temperature. 
Carbon... ... 0-26-0- 34 0-35 Hardness. | Austenite transformed. 
Nickel... ...| ‘So 4-23 
Chromium... 1-10-1-40 1-43 650 
Sulphur ...| not more than 0-05 0-008 600 210 100 — soo 
Phosphorus not more than 0-05 0-016 a 
Molybdenum _— 0-13 550 430 2 
ni 
Method of Manufacture 400 660 
Grain Size 
As-quenched grain size :—9 (A.S.T.M.). : 300} Ms 290° C 
McQuaid-Ehn grain size :—4 to 5 (A.S.T.M.). 


Fig. 26.—-B.S. En 30A—4}°,, nickel-chromium steel. 


10 20 2 10 20 2 10 
SECONDS = MINUTES 9 HOURS © 


DURATION OF ISOTHERMAL TREATMENT 


27.— B.S. En 30B—4}°, nickel-chromium-molybdenum steel. 


Chemica! Composition 
— Additional Transformation Data Ae, 755° C 
| Analysis of Austenitising conditions :—30 mins. at 820° C. 
Analysis Range. Steel Studied. 70 
eight °, Weight % Isothermal Conditions Ae, 655°C 
transformation at end of isothermaltreatment. = ------- 
temperature. 
0-26-0 34 0-33 Har. | Austenite transformed. G 
ilicon 0- 10-0-35 0-17 D.P.N. | 9 
4:16 
romium 1-44 
Molybdenum ... 0-20-0-40 0-31 r $00 7 
Sulphur - Mot more than 0-05 | 0-009 550 710 1 = 
.... not more than 0- 0s 0-013 500 | 710 nil 
Method. ‘anufacture 400 | & "4 
Basic tric are. 350 480 
Grain § 310 | 440 95 
As-q hed grain size :—9 (A.S.T.M.). — Ms 295" C sa 
McQ -Ehn grain size :—4 to 5 (A.S.T.M.). " 10% fi ‘4 ] 


1 DAY 


SECONDS MINUTES 3 HOURS 
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ISOTHERMAL TRANSFORMATION DIAGRAMS FOR NICKEL STEELS 


Ae, 715° C = 
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12 5 2 0 2 5 10 
SECONDS MINUTES HOURS 
DURATION OF ISOTHERMAL TREATMENT 
800} Ae, 790° C 
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Additional Transformation Data 


Chemical Composition 


| 


Austenitising conditions 30 mins. at 860° C. Permitted Ana: sis of 
Analysis Range. | Stee’ Studied, 
Isothermal | Conditions Weight % Wei he % 
transformation | at end of isothermal treatment. a 
temperature. 
| Hardness. | Austenite transformed. 0-35-0-45 0-40 
c. | DPN. % Silicon MOE ons 50 | 
hromium 0-30-0- 0-53 
+4 Molybdenum 0-18-0-25 || 
650 260 100 
270 100 Sulphur ... not more than 0-05 0-031 
550 220 100 Phosphorus not more than 0-05 0-033 
| 310 100 
450 | = 4 Method of Manufacture 
350 430 100 Acid open hearth. 
Grain Size 
— — As-quenched grain size (A.S.T.M.). 
McQuaid-Ehn grain size :—4 (A.S.T.M.). 
Fig. 28.—B.S. En 100—low alloy steel. 
hemical C iti 
__ Austenitising conditions mins. at 860 Cc. 
Analysis Range. Sceel Studied. 
Isothermal Conditions Weight eight 
transformation | ae end of isothermal treatment. ; 
temperature. 
Hardness. | Austenite transformed. Carbon ... ...| 0-35-0-45 0-44 
*¢. | DPN. | Silicon...  Q-10-0-35 0-23 
Mang 0-40-0-80 | 0-58 
Nickel... ...| 1-20-1 -60 1-40 
700 | 200 100 Chromium 0-90-1 -40 1-26 
650 | 280 100 Molybdenum ... 0-10-0-20 0-11 
600 290 100 Sulphur ... .... not more than 0-05 0-004 
550 320 97 Phosphorus ...| not more than 0-05 0-029 
5 340 70 
450 330 
350 100 Method of Manufacture 
350 450 100 Basic electric arc. 
300 | §30 100 Grain Size 
l m As-quenched grain size :—7 to8 (A.S.T.M.). 
McQuaid-Ehn grain size :-—6 (A.S.T.f.). 
Fig. 29.-B.S. En 110—low nickel-chromium-molybdenum steel. 


Additional Transformation Data 


Chemical Composition 


Austenitising conditions :—30 mins. at 845° C. 
Permitted Analysis of 
Isothermal Conditions | Analysis Range. Steel Studied. 
transformation | at end of isothermal treatment. Weight °, Weight ° 
temperature. | 
| Hardness. Austenite transformed. 
*¢. | D.P.N. | % Carbon 0:30-0:40 0-35 
Silicon 0-10-0- 0-13 
Manganese > 60-0-90 0-65 
700 200 90 Nickel 1 -00-1 -50 1-27 
650 210 100 Chromium... 0-45-0-75 0-55 
600 210 100 Sulphur ... | not more than 0-05 | 0-032 
550 240 100 Phosphorus ...| not more than 0-05 0-035 
530 250 100 Molybdenum ...| — nil. 
500 250 100 | 
450 | 300 100 
350 100 Grain Size 
As-quenched grain size :—7 (A.S. T.M.). 


McQuaid-Ehn grain size :-—2 to 3 (A.S.T. M.) 


Fig. 30.—-B.S. En 111—low nickel-chromium steel. 
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Chemic..' Composition 
| 

Permitted | Analysis of 

| Analysis Range. | Steel Studied. 

| Weight Weight 
Carbon | 0-35-0:45 0-41 
Silicon ool 0-10-0-35 | 0-09 
Manganese 0-30-0-60 0-48 
Nickel 1 -50-2-00 | 1-75 
Molybdenum ... 0-20-0-35 0-22 
Sulphur not more than 0-05 | 0-043 
Phosphorus not more than 0-05 | 0-016 
Chromium — 0-17 
Grain Size 


As—Quenched grain size :—6 to 7 (A.S.T.M.). 
McQuaid-Ehn grain size :—2 and 3 (A.S.T.M 


tempered steel. 


Additional Transformai.on Data 
Austenitising conditions: —30 mins. at 845° C. 


Isothermal Conditions 
transformation at end of |sothermal treatment. 
temperature. 
| D.P. 5 { 
700 | 550 20 ( 
650 190 100 
600 200 100 
550 210 100 X 
100 
400 | 360 100 50% We 
350 430 100 300F 7 
25 10 2 402 2 S$ 10 20 2 5 10 2% 
SECONDS = MINUTES 3 HOURS © 


The mechanical properties of austempered steel 
however, generally inferior to those of fully hardened 
Despite this it is often advantageous to 


Fig. 31.—_B.S. En 160—2°, nickel-molybdenum steel. 


are, 
and 


austemper solely to avoid the dangers of cracking and 


distortion associated with the martensite reaction. 


Isothermal Annealing 

Isothermal annealing involves austenitising the steel 
and then allowing it to transform as completely as possible 
in the pearlite range and is usually applied with the 
object of softening the steel sufficiently for machining and 
For isothermal annealing it is 


cold forming operations. 


not necessary to quench the steel to the selected trans- 
cooling to this 
temperature should be avoided since the separation of 
additional pro-eutectoid ferrite at temperatures above the 
annealing temperature may promote the development of 
a banded structure and thereby impair machinability. 


formation temperature, 


This is most likely to occur with steels of low 
contents such as those used for carburising. 


but very slow 


carbon 
As in 


austempering, it is advisable to provide for variation of 
transformation characteristics within the batch of steel 
by allowing double or treble the time for transformation 


indicated as necessary by the diagram. 


The type of pearlite formed is strongly influenced by 
the austenitising temperature adopted, and the latter 
must be controlled closely if the most suitable structure 


isto be developed. 


Low austenitising temperatures (that 


is temperatures just above or just below the Ae, tem- 
perature), favour the development of spheroidal carbide, 
whereas high austenitising temperatures favour the 


production of lamellar carbide. 


The particular type of 


carbide to be preferred depends on the type of forming 


operation to be performed. 


struct 


For example, a spheroida! 
e is usually preferred for cold-heading operations 


and for turning, but a lamellar structure is often chosen 


for mi! 


‘ng, drilling and broaching. 


A « mpromise is often necessary in selecting the 


transfi mation temperature for isothermal annealing. 
Tempe stures just below the Ae, temperature favour the 
develo nent of globular -arbide structures with low 
hardne . values, but on the other hand, transformation 
rates ¢ > slow and the formation of ferrite banding is 
favour At slightly lower temperatures, towards the 
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knee of the S-curve, transformation rates are higher and 
more lamellar structures are developed. The optimum 
annealing temperature consequently depends on the type 
of structure required and the time which can be allowed 
for the treatment. Under certain conditions a useful 
compromise is to allow most of the transformation to take 
place at a high temperature, where a soft structure is 
formed, and then to cool to a lower temperature at which 
transformation is more rapidly completed. 

The formation of globular carbide is often promoted by 
holding the steel at a temperature just below the Ae, 
temperature for several hours prior to heating to the 
austenitising temperature®. This treatment causes the 
‘arbide particles to agglomerate. As a consequence, they 
do not dissolve so readily at the austenitising temperature 
and serve as nuclei for the precipitation of globular 
varbide during subsequent transformation in the pearlite 
range. 

Continuous-cooling annealing is often less time- 
consuming than isothermal annealing for large com- 
ponents or large batches of steel, the temperature of 
which would require considerable time to equalise at the 
transformation temperature. The austenitising tem- 
perature and the rate of cooling to the transformation 
temperature range for this type of treatment are governed 
by the same considerations as for isothermal annealing. 
An indication of the required rate of cooling through the 
transformation range can be derived by superimposing 
cooling curves on the isothermal diagram, but slower 
cooling rates than those indicated by the diagram will 
generally be found necessary in practice. A consideration 
of the diagram and the hardness values of the structures 
formed at different temperatures will indicate, however, 
the temperature range over which controlled cooling is 
necessary and below which relatively rapid cooling is 
permissible. 

Some steels transform too slowly in the pearlite range 
for the application of either isothermal or continuous 
cooling annealing. Such steels are usually annealed by 
a prolonged tempering treatment often referred to as 
sub-critical annealing. This type of treatment serves to 
globularise the carbide structure and is adequate for 


35 Brophy, G. R. “ Cyele Annealing of Hypo-Eutectoid Steels." Jron Age, 
1945, vol. 156, December 13th, pp. 69-71. 


600) Ae, 715°C 
Ae, 710°C 
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many purposes. However, for special machining opera- 
tions, it is sometimes advantageous to use a two-stage 
treatment. The first stage of this involves austenitising 
the steel, allowing it to transform to as great an extent as 
possible in the pearlite range, either during slow cooling 
or isothermally, and then cooling to room temperature. 
During the final cooling to room temperature that portion 
of the austenite which did not transform to pearlite 
transforms to the harder intermediate and martensite 


Trade Publications 


Wirnovut doubt, moisture in the atmosphere and in 
materials can cause untold troubles through corrosion, 
clogging and contamination. It upsets process control, 
spoils equipment and deteriorates products rapidly. The 
removal of moisture from air, gases and organic liquids 
and the control of humidity in work rooms and stores is 
discussed in a recent publication of Birlee, Ltd., Tyburn 
Road, Erdington, Birmingham, 24, (No. 80) entitled 
Moisture.” Lectrodryers contain a solid, granular 
adsorbent material, and when a moisture-containing fluid 
passes through this material, the moisture is retained, 
being subsequently released by heating. The application 
of these dryers to chemicals and gases, food and drugs, 
metal treatment, electricity, compressed air, and in the 
laboratory is illustrated, the laboratory use being ampli- 
fied in a separate leaflet (No. 49—3rd edition) entitled 
* Laboratory Lectrodryers.” 


One of the latest technical publications of The David 
Brown Group describes the manufacture of Taurus 
bronze castings by The David Brown Foundries Com- 
pany, Penistone. There are outlined, in a way suited to 
the needs of the engineer rather than the metallurgist, 
the more important considerations which enter into the 
selection of bronzes, such as material and analysis, 
methods of casting and the necessary physical properties 
to meet particular conditions of service. The inclusion 
of specifications of a range of 21 Taurus bronzes, together 
with other useful tabular matter will make this publica- 
tion worthy of inclusion amongst the works of reference 
of every engineer. Printed on art paper, the standard of 
production is very high, a particularly striking feature 
being the photomicrographs of various bronzes excellently 
reproduced in colour, Owing to the heavy cost of 
production it is only possible at present to offer copies to 
important users of bronze castings. 


WE have received a copy of a brochure dealing with a 
scheme of training for the foundry, engineering, and 
metal industries, which has been operated for seven years 
by firms in the Birmid Group. The new edition of the 
brochure, which first appeared in 1944, outlines the 
general apprenticeship scheme and shows the way in 
which technical college training is dovetailed into the 
planned progressive training in the workshops and tech- 
nical departments. ‘ The proof of the pudding is in the 
eating © and the merits of the scheme would seem to be 
established by the successes gained in the National 
Certificate Examination results in Engineering and 
Metallurgy. 


Virrgost. Lanoratory WARE,” a new publication, 
and the latest revised edition of About Vitreosil 
contain much useful information concerning this product 
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structures. This part of the structure is softened © iring 
the second stage of the annealing process whicl. is q 
prolonged tempering treatment just below th Ae, 
temperature. 

Copies of Isothermal Transformation Diagrams for 
Nickel Steels may be obtained free of charge fron: The 
Mond Nickel Co. Ltd., Sunderland House, Curzoy St., 
London, W.1. 


of The Therma! Syndicate, Ltd., Wallsend. The former 
is the first illustrated catalogue dealing with Vitreosil 
laboratory ware which has been printed since before the 
war and gives dimensions and prices of the wide range of 
general and specialised apparatus. In addition, the 
principal characteristics of the material are presented, 
together with details of precautions to be taken when 
working the transparent variety of Vitreosil. Properties 
and applications are more fully dealt with in “ About 
Vitreosil” which also contains appendices on_ the 
chemical resistance of Vitreosil, laboratory applications 
of Vitreosil, numerical data on the properties of Vitreosil. 


AN interesting leaflet recently issued by General Refrac- 
tories, Ltd., Genefax House, Sheffield, 10, concerns their 
Durax No. 3 refractory cement. It is an aluminous 
refractory cement which has very little shrinkage, a 
factor which reduces the extent to which air infiltration 
can occur. Furthermore its air-setting properties ensure 
mechanically strong joints even at comparatively low 
temperatures. 


THe “ Reverbale Junior self-contained melting and 
holding furnace for the diecasting foundry, which recently 
completed prototype trials, is described in a leaflet issued 
by the makers, Sklenar Furnaces, Ltd., Colchester 
Estate, Colchester Avenue, Cardiff. The use of waste 
gases for preheating and melting the ingots prevents 
chilling of the metal on charging and eliminates the 
danger due to damp ingots. Among the advantages 
claimed for this furnace are : the elimination of crucibles; 
saving in fuel, space and maintenance costs ; low capital 
outlay ; rapidity and flexibility of operation; and 
better working conditions. 


THE latest publication of The Morgan Crucible Co., Ltd., 
Battersea Church Road, London, 8.W.11, deals with the 
Morgan Lift-out Crucible Furnaces, the main features of 
which are versatility and flexibility. They can handle 
melts ranging from light alloys to special irons and steels, 
in various capacities up to 350 lb. (brass). The leaflet 
gives the dimensions and capacities of the various models, 
together with melting performance figures for a range of 
metals. 


AN interesting calendar has been produced by The Eyre 
Smelting Co., Ltd., Tandem Works, Merton Abbey, 
London, 8.W.19, in connection with the Festival of 
Britain. Many friends of the Company will be visiting 
London to see one or other of the exhibitions being held 
there and may wish to see other features of interest. As 
there are quite a number within a small radius of the 
works, the Calendar takes the form of a map showing 
their location. Some of the interesting places are illus- 
trated by marginal sketches and described briefly on the 
reverse side. Copies are available to members of the 
engineering, foundry and allied trades whilst supplies 
last. 
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The All-Basic Open-Hearth Furnace’ 


Conference at Ashorne Hill 


by the British Ceramic and the British Iron and 

Steel Research Associations, was held at Leaming- 
ton to discuss “ The All-Basic Open-Hearth Furnace ”’. 
Mr. T. Jolly (of Messrs. Guest Keen Baldwins Ltd.) was 
in the chair and the conference had before it the results 
obtained from six all-basic open-hearth furnaces of 
various types built in the United Kingdom during the 
last four years, and from two Dutch furnaces. As will be 
seen from Table I, one of the British furnaces has 
completed three campaigns. 

Thanks to the high degree of co-operation existing 
within the steel industry and between it and the Research 
Associations, and thanks to the help of the Dutch, 
enough information has become available from these 
trials and from other research work for such a conference 
to be a valuable opportunity for taking stock. Much 
credit must go to the All-Basic Furnace Sub-Committee 
(a joint committee of the two research associations 
mentioned, under the chairmanship of Dr. J. H. Chesters, 
of the United Steel Companies, Ltd.) for making such a 
state of affairs possible. 

Seven papers were presented and discussed at the 
conference, namely : 

History of the Development of the All-Basic Furnace, 

by Dr. W. A. Archibald (B.I.S.R.A.) and Dr. A. E. 

Dodd (B.Cer.R.A.). 

The Properties of the Basic Raw Materials and Bricks, 
by Dr. G. R. Rigby (B.Cer.R.A.). 
The Trial All-Basic Furnaces (in Great Britain and 

Holland), by Mr. D. C. Muir (Consett Iron Co., Ltd.). 

Design of All-Basic Roofs, by Mr. J. Pluck (Messrs. 

Steel, Peech & Tozer). 

Operating Experiences on the Trial Furnaces, by Mr. 

J. McCracken (Stewarts & Lloyds Ltd.). Presented by 

Mr. J. Mitton (Stewarts & Lloyds Ltd.) 

The Performance of Basic Bricks, 


O* May 2nd and 3rd a conference, organised jointly 


by Mr. J. 


ommuniecation from 


TABLE It 


| Continental 


Fired pre-war | Typical 
chrome-magnesite bricks fired open- 
(British manufacture) | ¢chrome- hearth 
| magnesite | silica 
| | site | bricks 
Brick 1 Brick 2. | Brick 3 bricks 
| | | 
Refractoriness under load. | No failure No failure | 1,675°C, | 1,680°C, 
28 Ib./sq.in. rising tem- | at at | to | to 
perature test... 1,750°C. | 1,750°C. | 1,750°C.) 1,740° C. | 


Mackenzie (The United Steel Companies, Ltd.). 

Critical Analysis of the Results of the All-Basic 
Furnace Trials, by Dr. J. H. Chesters and Mr. J. 
Mackenzie (both of the United Steel Companies, Ltd.). 
The paper presented by Mr. Pluck also included two 

others : 

The Measurement of Inter-face Brick Pressures in 
Basic Open-Hearth Furnace Roofs, by Mr. R. M. J. 
Withers (formerly of B.I.S.R.A.), and Stresses in a 
Basic Roof at Bilston, by Mr. J. McCracken and Mr. 
C. C. Stokes (Stewarts & Lloyds, Ltd.). 

The following is a brief outline of the conference, the 
full proceedings of which will shortly be published as a 
“Special Report ’’ by the Iron and Steel Institute. 


Refractories 


It can be said with confidence that the chrome- 
magnesite bricks now made in Great Britain equal and, 
indeed, surpass the pre-war European bricks that then 
set the highest standard. Thus, the first objective of the 
Sub-Committee has now been achieved. Table IT shows 
the results of comparative tests with modern bricks from 
three manufacturers ; Continental pre-war, fired chrome- 
magnesite bricks ; and typical open-hearth silica bricks. 

In the trial furnaces, a number of basic refractories 
have been tried, including types of pure fused magnesia, 
but so far the chrome-magnesite (70 : 30) bricks with the 
chrome ore as the coarse fraction and the magnesite as® 


TABLE IL 


Average Performance 


siliet 


Average Time Roof Life 


Tapping | Tap to No, 
Type Cupacity Fuel Casts/| Tons/ | Tons tap Fettling | Charging Weeks Casts of Failure or Conclusion. 
tons wk. wk. | hr. hr. mins./hr. mins.|hr. mins, repairs 
| 
United Steel Cos,, Ltd. 
(Stee! Veech & Tozer) | 
Ist paign Fixed: Cold su oil 16-4 | 1821 1 7-74) 10) 23 52) 4 37 24 361 | 2small | Campaign ended; 
ip | | not roof failure. 
eresote pitch 15-9 1281) 7-81 17 1 24 19 25 | — Roof thin; 
} | checkers choked. 
3rd ) oil 14-5 | 1215) 7-25) 11 29 38 518 | Full repairs required. 
Com) le silica | Gs | 9-7(1949) | 129(1949) 
fury | 12(1950) |15;(1950) 
| 
Stewar Lloyds, Ltd. | Hot metal: 
(Bils tilting vil 21 1233-4] 7-36 7 20 48 1006 4 Campaign unfinished, 
le silica | 
16-25) 936 | 5-75 9 1 13 210 
Cons: on Co,, Ltd, Hot metal: cresote | | | Extensive repairs and 
fixed 150 pitch & coke 10-7 | 1655) [10-1 15 36 2 6/7 42 27-17 291 2 alterations to uptakes, 
oven gas | | 
am silica furnace 10-51) 1628 9-69 16 0 2 2] 11 115-6 
Roy verlands Blast | } 
Fur ind Steel Hot metal; 
P Wo muiden fixed 170 oil 13-3 | 2227 \i4 1 12 24 42 | 6 0 32-3 431 2 slight | Roof failure. 
| 
| 
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Fig. 1.. Chrome-magnesite bricks from an open-hearth furnace 


than the grading normally associated \ «) 
chrome-magnesite bricks. Another px si- 
bility is to increase the magnesite ‘chre e- 
ore ratio, possibly by including a part of he 
magnesia in the coarse fraction. The burst ing 
expansion is then reduced without sacrific ng 
refractoriness-under-load properties, althc ch 
spalling resistance is lowered and greater « ire 
must be taken in the initial heating up of ‘he 
roof. In this respect the basic roof placea on 
the furnace at the Consett Iron Comp:.ny 
descrves careful attention. 
Furnace Performance and Construction 

Table I summarises the records of five 
campaigns completed one. still in 
pre ‘SS. 

° The fact that basic bricks are some two- 
thirds heavier than silica bricks, are weaker 
at high temperatures despite their higher 
melting point (which makes possible a higher 


back wall, showing bursting due to solid solution of iron oxide. operating temperature), and expand and 


the fines, formed under high pressure, and fired to at 
least 1,500° C., has proved the best. Turkish chrome has 
so far been used but specifications are now in existence 
both for the chrome ore and for the low-lime magnesite, 
either natural or from sea-water, and there is no reason 
to suppose that chrome ores from other localities will not 
be satisfactory. In the early days, there was some 
prejudice against using sea-water magnesia for first- 
quality refractories, as the lime content was higher than 
that obtained from the best natural magnesite deposits, 
but, to-day, sea-water magnesia is being consistently 
manufactured with a lime content of 2°5°,. which 
compares very favourably with that from other sources. 

Much has been learnt, and much remains to be learnt 
about basic refractories. Both from extensive laboratory 
work and from observation of the trials, it is clear that 
bursting expansion resulting from the absorption of iron 
oxide is the most serious source of failure of these roofs. 
(See Fig. 1.) Further trials of basic bricks, therefore, 
should be aimed at reducing this weakness, and possible 
lines of investigation might be : 

(a) A search for chrome ores with higher Al,O, and 
lower Cr,O, contents, such as are possessed by certain 
ores from Cuba and Greece. This is based on the 
laboratory bursting tests which suggested that the 
chromite spinels (FeCr,O, and MgCr,O,) had the highest 
bursting tendency, the aluminate spinel (MgAl,O,) had a 
medium bursting tendency, while the ferrite spinel 
(MgFe,O,) gave no bursting expansion. The immediate 
inference is that in order to obtain a low bursting ten- 
deney, chrome ores should be selected in which Al,O, has 
extensively replaced Cr,Q, in the chrome grains. 

(b) By an increase in the amount of matrix. From 
time to time bricks have been made from chrome ores 
high in gangue minerals, or by the artificial addition of 
serpentine or olivine, Bursting expansion is undoubtedly 
reduced, but only at the expense of mechanical strength 
at high temperatures, since the gangue is ultimately 
converted into low-melting point constituents which 
concentrate behind the working face. 

(c) Alteration m the grading and proportions of chrome 
ore. Evidence is accumulating from laboratory tests, 
that minimum barsting expansion is obtained by the 
incorporation of chrome ore crushed considerably finer 
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contract over their whole temperature range 
(while silica bricks vary little above 600° C.) makes the 
performance of an all-basic furnace very dependent on 
its design and construction. In the first furnace in 
Table I (that at Steel, Peech & Tozer), the main roof 
construction adopted was one used extensively in 
Europe before the war on furnaces of this size. (Figs. 2 
and 3.) In this type of construction the arch is sprung 
and the roof is strengthened by ribs 19} in. thick with 
three rows of 12-in. blocks between. Above the rib is 
suspended a T-iron curved to the roof radius. The ribs 
are holed in such a way that a wire can be passed through 
them and fastened on to the T-iron. The ribs are thus 
retained in position and partially suspended. The 
T-iron, originally intended as a support for the ribs, also 
acts to prevent distortion of the roof. When part of a 
roof becomes thin there is usually a tendency for this 
part to lift and some restraining influence is necessary to 
retain shape and prevent collapses. Large capacity 
springs are arranged on the back skewback to support 
the roof pressure and to absorb the movement due to 
expansion. (Fig. 5.) 
The second furnace shown in Table Lis that at Bilston, 
which is similarly constructed to that successfully used 
before the war (Fig. 4). Here 18-in. ribs have a series of 


Fig. 2. Continental type roof suspension. 
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The roof has a span of 19 ft. 3 in., length of 46 fr. 6 in., and height of 7 ft. ; the 
thickness is 12 in. (19! in. at ribs). The main roof and sloping ramp are of fired 
chrome-magnesite, the flat part of the ramp being unfired magnesite-chrome. The 
rib bricks in the main roof are wired to tee-irons and the ramps are suspended. 


The uptakes (64 sq. ft.) are of unfired magnesite-chrome (fired chrome-magnesite 

in 2nd and 3rd campaigns), and the ends and side panels of fired chrome-magnesite. 

There are ded and pended zones. Arch sprung over single uptake just 
below foreplate level carrying burner housing 


Fig. 3._-Templeborough B’’ furnace. 


channel runners over them to maintain shape, but the 
furnace roof is not supported by the runners. The 
outstanding feature of the practice at Bilston is that the 
furnace has been maintained throughout its life to date 
at « temperature above 1,600° C. and below 1,680° C., 
and this undoubtedly has had much to do with its long 
life 

oof construction at Consett and the Dutch furnace 
shonin Table I is similar; here there are suspended 
ro. (Figs. 6 & 7). Expansion is controlled by adjustable 
sp! ogs in the skewback channel, but with a much lighter 
loc than is the case with other furnaces. 
_ 4. 8 shows the constructional detail of an all-basic 
fu ace at Messrs. Richard Thomas & Baldwins, Ltd., 
* ourn Works. Channels are placed along the length 
of e roof to restrain the movement and maintain its 


sh >: the ramps at the ends of the roof were fully 
st aded (Fig. 9). A section of the roof of this furnace 
sed after 14 weeks and was replaced with silica. In 
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The roof has a span of 16 fc. 11% in., length of 40 ft., and height of 6 ft. 103 in. ; 
the thickness is 12 in. (18 in. at ribs). The roof, of fired chrome-magnesite, is held 
down by channels curved over the ribs. 


The uptakes (30 sq. ft.) are of magnesite-chrome, unsuspended. 


Fig. 4.Bilston ‘‘A’’ furnace. 


contrast to this comparatively short roof life, the end 
wall life has not yet terminated after two and a half years. 
The uptakes slope away from the hearth and the end 


Fig. 5.—Adjustable springs on back skewback channel 
of an all-basic furnace to support the roof pressure and 
absorb movement due to expansion, 
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The roof has a span of 19 ft., length of 53 ft., and height of 8 ft. 6! in. ; 
is 15 in. (not ribbed). 


— 


the thickness 
The roof, of unfired magnesite-chrome, is fully suspended. 


~ — 


The uptakes (102 sq. ft.) are of unfired chrome-magnesite, with unfired magnesite- 
chrome ends. There are ded and d zones. 


Fig. 6. Consett J *’ furnace. 
walls are arched so that waste gases do not impinge 
directly on them; this principle has been adopted in 
other constructions. 
Furnace Design 

Experiments with pressure-measuring cells built into 
two basic roofs, and some observations and calculations 
made at Bilston in 1938, are of interest in connection 
with basic roof design. The pressure cells (Fig. 10) were 
intended to show the effect of keying, spring adjust ments 
and warming-up on the pressure between brick faces, and 
on the position of the centre-of-pressure line between top 
and bottom of a brick in a particular course. There were 
small variations of pressure near the front fixed skew- 
back and large variations of pressure near the back 
moving skewback, and a marked tendency for the centre 
of pressure at the crown to drop when the arch was 
heated (Fig. 11). It should be emphasised that many 
variables are involved and the readings show only a very 
general indication of the stress distribution. 


The roof has a span of 21 ft. 9 in., length of 43 fe. 3} in.. and height of 7 fe. 11 in. ; 
the thickness is 15 in. (not ribbed). The roof, of fired chrome-magnesite, is fully 
suspended. 


The uptakes (59 sq. ft.) have end wall and arches of fired chrome-magnesite, the side 
walls being partly unfired chrome-magnesite and partly fired chrome-magnesite. 
They are suspended as are the slag and checker arches. 


Fig. 7. Ijmuiden ‘* No. 5’ furnace. 


Observations made at Bilston in 1938 showed that 
during operation the load on each of the four sections of 
the roof must have been 60 tons. This was calculated to 
give a stress on one rib section of 79-4 lb./sq. in. or two 
and a quarter times the cold load stress. Assuming that 
all the load is distributed over the upper half of the 
bricks, the maximum stress would be 190 Ib./sq. in. 
which should be a safe stress on this colder part. 

The good results obtained at Bilston may well be due 
to these factors. A very large pressure in the springs and 
brickwork can be carried on the cooler part of the arch 
and, furthermore, the high pressure may delay the falling 
away of the hot surfaces of the bricks due to iron oxide 
growth. The fact that this furnace is worked at a 
consistently high temperature is another important 
factor tending to restrain the iron oxide growth. If the 
roof changes its shape only a little during the operation, 
there is no force trying to pull it away from the parent 
brick. 
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The roof has a span of 17 ft. 6 in., length of 52 ft., and height of 7 ft. 2 in. ; the 
thickness is 15 in. (not ribbed). The main roof, of fired chrome-magnesite, is 


unsuspended, whilst the unfired chrome-magnesite ramps are suspended. 


= 


The uptakes (87 sq. ft.) are of unfired chrome-magnesite. There are suspended and 
unsuspended zones. 


Fig. 8.—Redbourn *‘ F ’’ furnace. 


In general it can be said that roof design, partly 
restrained and partly suspended, with spring-loading ex- 
pansion allowances has become more or less standardised. 


BOURDON GAUGE 


ARCH BRICKWORK 


PRESS 


WATE’ COOLED PLATES 


-Method of installation of roof stress measurement 


Fig. 
cells. 


Fig. 9.—-Fully suspended roof. 


Operation 
The operating experience on the trial furnaces can be 
subdivided into three sections : 
1. Starting-up procedure and adjustments for ex- 
pansion. 
2. Types of fuel and fuel consumption. 
3. Furnace life and maintenance. 


Starting-up. 

Since chrome-magnesite bricks continue to expand with 
increase in temperature up to about 1,700°C., rapid 
changes in temperature must be avoided. 


(a) Cold arch pressures. Average 27 Ib./sq.in. 


ASSUMED 22 


(c) Hot arch at 1,400°C. Average 36 Ib./sq.in. 
Fig 11.—Arch Pressures with varied temperatures and 
adjustments of back springs. All pressures are in Ib. /sq.in. 
Fixed curvature, 15 in. thick, ‘‘F’’ furnace, Redbourn. 
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¥ Allowances for expansion vary with the type of con- 
struction employed. Level roofs with no ramps require 
little longitudinal expansion allowance, the irregularities 
due to the steel plate joints being sufficient. In one case 
an allowance of jin. ft. was found to be satisfactory, and at 
Bilston, not only was no allowance made for longitudinal 
expansion, but before the last few rings were laid in the 
centre section of the roof, 5-ton jacks were used horizon- 
tally to compress and remove any slackness between 
the transverse joints. 

Transverse expansion allowances do not appear to be 
necessary, where a spring-loaded skewback is used. 
Whether a constant load below 28 Ib. sq. in. should be 
maintained on the skewback by releasing the spring- 
loading as expansion occurs, or whether all the expansion 
should be absorbed by the springs (thus increasing the 
load), for the sake of a constant roof radius, is a matter 
still open to argument. So too, is the question of the 
merits of suspension or restraining. It may be that for 
roofs over 20-ft. span, some form of suspension will 
always be necessary, though unnecessary for roofs of a 
smaller span. 

Fuel 

Rich fuels, i.e. liquid and coke-oven gas are particularly 
suitable for the all-basie furnace, not only for the high 
rate of fuel input, but also for the absence of * burning- 
out periods ”, during which the furnace is cooled below 
1,000° C. Among the furnaces under discussion, three 
were fired with fuel oil, one with pitch creosote and one 
with a mixture of pitch creosote and coke-oven gas. 
Those firms using tar or pitch creosote report a con- 
siderably increased carry-over of dust to the checkers and 
flues compared with the use of fuel oil, and that the 
density of iron oxide fume in the furnaces during charging 
is much greater, 

Experience with fuel consumption in an all-basic 
furnace varies between 6°,, less to 10°,, more than with a 
comparable silica furnace, 


Life and Maintenance 

In addition to the data shown in Table I these con- 
clusions may be reached : 

Hearth.—The high operating temperature of a basic 
furnace is advantageous for the installation of a 
durable hearth. 

Front and Back Wall.—Chrome-magnesite door 
arches are not a success; water-cooled door arches 
and jambs have proved better. 

Ends and U ptakes.—It is a feature of all the trial 
furnaces that the vertical furnace ends and uptakes 
were the subject of the most severe wear, particularly 
the target area of the end wall of single uptake furnaces. 

Slag Pockets.—Contrary to some claims, slag pocket 
cinder proved difficult to remove, whether acid or 
basic slag pocket construction was used. 

Checkers.—When tar-based fuels are used, there is a 
heavy deposit of dust, which at the high temperature 
fuses and reacts with the brickwork. 

It is clear that the roof should not be allowed to cool 
below 1,200° C., and this still remains one of the out- 
standing necessities for efficient operation. Small fixed 
furnaces were considered to be the best for the first trials, 
but experience | as shown that all-basic construction can 
be used on larger furnaces, such as the 150-ton fixed 
furnace at Consett and on tilters such as the 56-ton hot- 
metal furnace at Bilston. 


One consideration applies to each unit which has een 
operated, and may be considered the main recomn ada. 
tion for successful operation. Because of its abil. y to 
operate at higher temperatures, an all-basic fi nace 
should be a fast furnace and it must be treated as suc i. If 
operated at the same rate as a comparable silica fu race, 
it is doubtful if it will be economic, and there is s: rong 
evidence that the fuel consumptien will then be |. gher 
than normal. 

Conclusion 

The potential advantages claimed for “ all-basic” 
furnaces are : 

1. Increased output, due to the faster working made 

possible by the higher temperature that the basic 

roof can withstand. It has been stated that a rise 

of 10° C. average roof temperature makes possible a 

10°, production increase. 

2. Less shutdown time and, in consequence of this and 
the higher melting rate, a reduction in the over. 
heads both in the melting shop and in the mill. 

3. A reduction in the man-hours required for brick. 
laying. 

4. Less slag bulk on account of the elimination of silica 
drip. 

5. The possibility of realising the full advantages of 
liquid fuels, 

On the other hand, a basic roof costs some five times 
more than a silica roof, and introduces design and 
construction complexities. It can be said, however, that 
the above claims appear quite feasible in the light of the 
combined operating experience of the various plants 
discussed at the conference. 

On the economic question, with only one furnace had 
adequate experience been gained to indicate an answer. 
Two years cost data on this has shown a fuel bill identical 
with that of the silica furnace and a refractories cost 
(corrected for output gain) of the same order as that 
obtained for the silica furnaces of the same shop, a result 
sufficiently encouraging at so early a stage in the trials. 

Generally, it may be said that data so far available 
indicates that the all-basie furnace is not always an 
economic proposition, but it is well on the way to becom- 
ing one. Moreover its potentialities for development are 
still very great. 


B.I.S.R.A.’s New Normanby Laboratories 


Situated near Middlesbrough, these laboratories provide 
a base for field teams working on blast furnace research. 
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Light Alloy 


7 EARING completion at Lon- 
N don Airport is the first all- 
aluminium a‘reraft hangar 
ever built. Each of the three bays 
has an overall span width of 150 ft., 
the clear span of each bay being 
125 ft.. the length 110 ft., and the 
clear door height, 30ft. The design 
and fabrication have been carried 
out by Structural & Mechanical 
Development Engineers, Ltd., a 
subsidiary of Almin, Ltd. 


Structure 

The structure is designed to 
withstand a superimposed load of 
15 Ib. sq. ft. due to snow, and a 
wind load of 25 Ib. sq. ft. in 
addition to self-weight. The portal 
frames are hinged at the bases to 
avoid complications of indeter- 
minacy on the foundation blocks. 
These hinges are at 145 ft. 6 in. 
centres across the span and are formed by a high tensile 
steel pin passing through an aluminium alloy base 
casting which is bolted down to the foundation block, 
with an aluminium alloy gusset casting forming the 
lower end of the portal leg. 

Six portal frames at 22 ft. centres are required for each 
bay and these are constructed, in the main, of double 
channel sections battened together 6} in. apart with 


internal members fitted between with gusset plates. 


The portals are naturally designed to withstand trans- 
verse forces, but longitudinal stresses are transferred to 
the foundation blocks by means of vertical cross bracing 
between the first and second, and fifth and sixth portals 
(steel bolts are set in the concrete and connected to the 


Close-up of hinge-base of portal. 


Erection of half-portals by winching. 


aluminium bracing members by means of screwed 
couplings). 

Wind forces from the top door rollers, and the gable 
above are transferred to the springing line of the roof 
portion of the portal by means of a horizontal wind 
girder at door guide level. The wind load at the gable is 
carried from the five lattice gable posts through a system 
of rafter bracing between the last two portals down to 
the foundations by way of the side bracing previously 
referred to. Rafter bracing is also provided between the 
first two portals to transfer a much lighter load from the 
short gable posts above the doors to the foundations in a 
similar manner. 

In order to simplify delivery and_ transportation, 
extrusions are used in medium 
lengths and therefore purlins were 
designed to break at each portal, but 
in order to effect an economy of each 
section in view of deflection prob- 
lems, four stays were introduced at 
each purlin, which had the effect of 
providing two intermediate supports 
both vertically horizontally. 
The lower end of these stays is 
connected to node points on each 
side of the purlin on the inner chord 
of the portal frame, and to offset the 
possibility of unbalanced loading on 
the roof, longitudinal ties were 
provided at the intersection, pro- 
ducing a triangular girder effect with 
the depth equivalent to that of the 
portal frame. The side rails were 
treated similarly except that the 
stays are in the vertical and hori- 
zontal planes. 

Standard rainwater goods were 
entirely inadequate to cater for the 
conditions ; valleys and eaves 
gutters were, therefore, produced 
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by forming aluminium alloy sheet 
and the rainwater downpipes from 
extrusions and sheet fabricated into 
a rectangular section. Because the 
portals expand independently of 
those in adjoining bays the valley 
gutters are secured to only one of 
the double channel longitudinal 
gutter supports, thus allowing free 
relative movement of one pen with 
the next. 

Vertical expansion joints are 
located in the side cladding, gable 
cladding and over the roof in the 
decking and glazing. 


Erection 


One of the considerations during 
the design stages was that of rapid 
erection in order to exploit one of 
the advantages of aluminium con- 
struction. The introduction of 
hinges allows the assembly of a pair 
of half portals complete with purlins, 
rafter bracing, stays, ete., before hoisting, so that much 
of the erection work could be done either at ground 
level or at reduced heights. For this purpose winches 
were established 150 ft. or so behind and in line with 
each portal and the rope connected to shackles at 
the top of each portal leg, this being done after the 
lower end of the portal leg had been set on its hinges. 
As the total weight of the assembly was only in the 
region of 3 tons it was quite a simple matter to hoist the 
unit into its final position. A similar method was 
operated on the opposite unit and the apices were then 
connected together with turned bolts. This method was 
pursued throughout the length of the hangar but in the 
case of the two centre portals, which had no permanent 
rafter bracing, the set from the front portals was fixed 
temporarily whilst lifting to avoid distortion. When 
all portals had been hoisted the remainder of the purlins, 
stays, ties, ete., were erected. 

The great advantage of this system of erection is that 
about 90°, of the site assembly work can be done on the 


ground, thus greatly reducing the time and cost of 


erection. In fact, the erection of each unit including the 
assembly of the four half portal frames and all the 
necessary bracing, purlins, ete., can be carried out by 
six men in five days with the help of two men on the 
winches during the lifting operation, provided there are 
no interruptions caused by bad weather, ete. 

The wind girder at the front of the pen was assembled 
in halves on the ground and hoisted from tackle attached 
to the already erected portal frames, as were all other 
substantial components which could not be handled by a 
30 ft. jib mobile crane, such as doors and top door guides. 


Glazing and Insulation 
The arangement of glazing was determined by the 
Ministry's request for a daylight factor of 18 with the 


doors closed. In order to overcome the difficulty of 


introducing adequate glazing in the doors a transverse 
lantern is used along the front verge (counter-balancing 
the stretch of glazing in the gable). 

An insulation factor of 0-36 B.T.U.’s per hour, per 
degree F. per ft. was also specified and therefore corru- 
gated aluminium roof decking was employed covered 
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Interior view of the completed first bay. 


with a layer of insulation board and bitumen felt, giving 
a U-value of 0-33. 

The side walls and gables are constructed of corrugated 
aluminium alloy sheet with an air space of approxi- 
mately 4 in. between this and insulation board with fire- 
resisting properties lined with Ardor Foil, which is in the 
form of a flat sheet of aluminium with corrugated 
aluminium backing. This gives a U-value in the region 
of 0-27.. The doors with an overall length of 150 ft. 
were also specified to be insulated to the same degree. 


Materials and Suppliers 


The total weight of the complete building is around 
312 tons, of which the structure is responsible for 95 tons 
and the decking for 100 tons. Doors, sheeting, in- 
sulation and glazing account for 48, 7, 10 and 52 tons, 
respectively. 

The materials used were as follows : Gusset and batten 
plates, AW.10.E (HS.1LOWP of B.S. 1470) ; Extruded 
Sections, AW.10.B (HE.10.WP of B.S. 1476) ; Castings, 
AC.6 and AC.4 (LM6M and LM4M of B.S. 1490); 
Sheeting, AW.3.C. } Hard. (N.S.3. 3} Hard of BS. 
1470), pretreated by the “ Alochrome ” process. 

The ground and guide rollers are of ‘‘ Meehanite ” ; 
other rollers of “Tufnol”; pulleys for cable link 
system of * Ferrobestos ” ; and cables of steel wire rope. 
’ Extrusions and Castings were supplied by Southern 
Forge, Ltd. and Renfrew Foundries, Ltd. (respectively) ; 
Plate by T.I. Aluminium, Ltd.; Sheet by British 
Aluminium Co., Ltd.; Asbestolux by Cape Asbestos 
Co., Ltd. ; and Aluminium Foil by Ardor Insulation Co. 
The roof decking was carried out by Wm. Briggs & 
Sons, Ltd., and the doors in the first bay by Esavian, Ltd. 


New Precision Casting Plant 


ArTreR many months of intensive research, Hadfields, 
Ltd., have expanded their pilot plant for the manu- 
facture of precision castings by the lost-wax process, 
which is now operating as a full production unit. 
Important contracts have already been received for 
parts for gas-turbine engines for the home market. 
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Tin Research 
Institute 


New Laboratories 
Opened by 
H.R.H. 

The Duke of Gloucester 


Netherlands, Bolivia, Belgian-Congo, Nigeria and 

French-Indo-China, The International Tin Research 
and Development Council is the only example of inter- 
national co-operation of its kind in the world. It is 
supported and maintained entirely by voluntary contri- 
butions from the tin producers in those areas and receives 
no financial aid whatever from any Government. The 
Tin Research Institute, whose new laboratories at 
Greenford were opened by H.R.H. the Duke of Gloucester 
on May 3lst., is the headquarters of the Council, and is 
the only organisation devoted solely to assisting and 
stimulating tin consumption throughout the world, and 
since the consumption of tin by industry is based on the 
practical value of the service it can render, the Institute 
has devoted its attention to the study of the scientific 
basis of the problems involved in the tin-consuming 
industries, with the assurance that insofar as processes 
or products can be improved, to that extent can perma- 


F ‘eter in 1932 by the tin producers of Malaya, 


Tableware electroplated with tin-nicke! alloy. 


The new laboratory building viewed from Bilton Road. 


nent and expanding markets be established. It is 
perhaps not widely realised that tin is a factor of 
considerable importance in balancing world trade, par- 
ticularly at the present time, since there is no tin-mining 
industry in the U.S.A. and American tin imports help 
the sterling area to finance its own imports from America. 

Besides studying the problems of existing tin-consum- 
ing industries, the Institute is continually seeking new 
uses. New alloys have been developed and notable 
progress has been made in the electro-deposition of 
tin-alloy coatings. Speculum (60°, copper, 40°, tin) 
plating is widely established for decorative work, whilst 
tin-zine (78: 22) is steadily gaining a permanent place 
in industry for the protection of steel; its easy solder- 
ability makes it especially useful in the electrical and 
radio industries. The most recent plating development, 
the deposition of a tin-nickel alloy (65°, tin, 35°, 
nickel), may help to solve the shortage of chromium and 
nickel for plating. Deposited bright and needing scarcely 
any polishing, the coating is hard and 
scratch-resistant, and its soft pinkish 
brilliance is retained permanently even 
under bad weather conditions. 

In the Council’s earlier years a 
scientific staff was appointed, much 
information collected, and a policy of 
carrying on research extra-murally 
was tried out. In 1937 it was decided 
to erect a laboratory and in December 
1938 the first part of the present build- 
ing was opened. At the outbreak of 
war in 1939, much of the scientific 
work of the Institute was reaching a 
stage where semi-industrial scale in- 
vestigations were needed to prepare 
new or improved processes for appli- 
cation in industry. Consequently, as 
soon as possible after the war, the 
Council decided to build a new and 
larger laboratory, to increase its staff, 
and to open offices for technical service 
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Hot-tinning in the industrial scale plant. 


overseas. This stage of the Council's development is now 
completed : nucleus organisations for technical service are 


operating in the ULS.A.. Belgium and Holland ; a range of 


scientific booklets and practical handbooks covering all 
the chief applications of tin are available: and the new 
laboratories are equipped and staffed, 


The Laboratories 


The ground floor of the new building houses the 
laboratories for general metallurgical work, plating, heat- 
treatment, tinning, metallography and mechanical 
testing. On the first floor are situated the studio, the 
bureau and the upper hall, whilst analytical and corrosion 
investigation work is carried out on the second floor. 


Ground Floor 

The Foundry and General Metallurgical Workshop 
houses the larger units of metal-working equipment, 
including 10-, 25-, and 100-Ib. high-frequency melting 
furnaces, a L00-ton hydraulic press, a rolling mill and 
a shot-blasting cabinet used for preparation for hot- 
tinning, ete. 

Exploratory work on electroplating is carried out in 
the Electrochemical Research Laboratory, whilst the 
Plating Workshop is equipped with full-size plating plant 
to enable promising processes to be investigated on a 
production scale prior to their application industrially. 
The equipment is also used for technical service and for 
demonstrations to industry. Conventional machinery 
tor polishing metals, either before or after the plating 
operation, is tc be found in the Polishing Room. 

The Heat-Treatment Room is equipped with electric 
furnaces for the heat-treatment of metals. Automatic 
control enables specitied temperatures to be maintained 
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within close limits and for long periods, and s e¢ja] 
atmospheres can be used when required. 

Full-size equipment for hot-tinning mild stee| cast 
iron, copper and other metals to be seen in the Hot. 
Tinning Room was used to work out sound ind. stria] 
methods, and is now used to handle enquirer’s pr: ‘tical 
problems and for demonstration purposes. The ti. ining 
pots are I8 x 22 « 18 in. deep and are thermosta: ically 
controlled whether gas-fired or electrically heated ; 

Research to improve the manufacturing process: s and 
the quality of tinplate are carried out in the Ti plate 
Laboratory, and one essential of such work is some means 
of measuring the thickness and porosity of the tin 
coating. Various methods are adopted for assessment of 
these properties and a new experimental technique is in 
course of development to provide a rapid test of quality 
of tinplate. The work is not confined to hot-tinning, 
apparatus simulating conditions in modern high-speed 
electro-tinplate manufacture being available to study the 
effect of steel quality, methods of preparation, and plating 
conditions on the quality of the product. 

The preparation of specimens of the soft metals for 
micro examination needs considerable care, and auto- 
matic polishing machines are available for the later stages 
of this work. The Microscope Room is equipped with a 
modern Vickers projection microscope, on which normal 
reflected light, dark-ground illumination, polarised light, 
or phase contrast may be used. 

The Mechanical Testing Laboratory is devoted to 
research on the tensile properties, fatigue strength, 
hardness, ete. of tin and tin alloys. The equipment 
includes Vickers and Rockwell hardness testing machines: 
Hounsfield balanced impact machine ; a Hounsfield 
Tensometer ; a 5,000-lb. tensile testing machine: a 
15-ton tensile and compression testing machine ; Wohler 
dead-load type fatigue testing machines ; and rotating- 
load fatigue testing machines for use at elevated 
temperatures, 

For testing bearings under conditions similar to those 
under which the main bearings of an internal combustion 
engine operate, two machines have been installed in a 
specially constructed sound-proof room which also houses 
a service air compressor and a high-frequency generator. 


Second Floor 

Few research projects could be successfully completed 
without chemical analysis of the materials used and the 
Analytical Laboratory provides for the rapid and accurate 
analysis of all the metals, alloys and chemicals used in the 
Institute. Apart from the straightforward chemical 
procedures, equipment is available for polarographic and 
absorptiometric analysis. 

The most important applications of tin and its alloys 
arise from their high corrosion resistance, which has to be 
tested under a wide range of conditions. In the Corrosion 
Laboratory, therefore, investigations are carried out inte 
the factors influencing the corrosion-resistance of these 
materials, whether in solid form, as coatings or as 
undercoats. 


Follsain-Wycliffe Foundries, Limited and Varatio- 
Strateline Gears, Limited, announce that Mr. T. RB. 
Taylor, of 51, Netherpark Avenue, Netherlee, Glasgow, 
S.4 (telephone number Merrylee 4213) has been ap} sinted 
their Scottish Representative. 
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The Institution of Metallurgists 
Presidential Address 


T™ i} Annual General Meeting of the Institution of 
Metallurgists was held on June 7th, 1951, at the 
offices of the Institution, 4, Grosvenor ‘Gardens, 
London. S.W.1. 

At the opening of the meeting, the Chair was occupied 
by the Retiring President, Mr. E. W. Colbeck, M.A., who 
paid tribute to the help he had received from the Council 
and its Committees, and to the loyal service of the 
Registrar-Secretary and his staff. Reviewing the year’s 
events, Mr. Colbeck made reference to the ‘ Metals in the 
Service of Mankind” Exhibition held at the Science 
Museum and opened by H.R.H. Princess Margaret. 
More than a quarter of a million people had visited the 
exhibition during the three months it was open, and 
there was ne doubt that the venture had been invaluable 
in bringing the Institution and its work to the attention 
of the public. 

In the Report of Council recently published, the 
growing list of the Institution’s representatives on outside 
committees provided a useful commentary on the expand- 
ing importance of the Institution in matters concerning 
metallurgical education and welfare. Two further items 
in the Report were referred to by Mr. Colbeck, namely, 
the notification that the Regulations for Admission were 
heing revised in the light of experience gained during the 
first six years of the Institution’s existence, and the fact 
that the Editorial Panel, which was concerned with the 
Bulletin of the Institution, had been raised to the status 
of a Board. 

Mr. Colbeck then introduced the new President, Dr. 
C.J. Smithells, who was one of the Founder Fellows of 
the Institution and had been Treasurer for the last five 
years. Dr. Smithells had given a great deal of valuable 
time during that period and the Institution owed much 
to his skilful handling of its financial affairs and to his 
sound advice on the Council and its Committees. As a 
metallurgist he was well known to all, not only for his 
classic works on Tungsten and Gases in Metals but more 
recently for building up the new research laboratories of 
the British Aluminium Company at Chalfont, in his 
capacity as Director of Research of that organisation. 
It was, therefore, with every confidence and the good 
waiee of all that he asked Dr. Smithells to take over the 
Presidential Address 

After expressing his appreciation of the honour of 
being elected President, Dr. Smithells assured the 
Insti ition that he would do everything in his power to 
main'vin the high standard set by his predecessors in 
offic: _ He had no revolutionary proposals to make 
regar “ng the future development of the Institution but 
he t! ight it might be of interest to recall the progress 
mad luring the last five years. During that period, as 
Hon wry Treasurer, he had been mainly concerned with 
the : ancial affairs of the Institution, so that he could 
view “\spassionately the progress made in other ways, 
and‘ which he could claim no credit. 

Ir 46, when the Institution had only been in existence 


si ‘months, the total membership was 1,110; the 
gu id now almost been doubled. That was very 
Satis tory, although many felt the figure should even- 


tual pproach the 4,000 mark. There were indications 


J 1951 


that a few more years would see the membership reach 
3,000 and this steady growth showed that the formation 
of the Institution was fully justified, and that it could 
perform useful services to the professional metaillurgist. 

The increase in membership was reflected in the state 
of the Institution’s finances. In the early years, in spite of 
most stringent economies, the expenses invariably ex- 
ceeded the income and it was only by increased membership 
that there was any hope of being able to expand the 
Institution’s activities. It was a source of satisfaction to 
Dr. Smithells that in his last year as Treasurer they had 
been able to show an excess of income over expenditure. 
Without the Industrial Fund so generously contributed 
by friends in industry it was difficult to see how they 
could have carried on in the early years, and even now 
strict economy would have to be practised for some years 
to come. 

Turning to the growth of the activities of the Institu- 
tion, Dr. Smithells referred first to the Bulletins. It was 
originally intended to issue not more than three per year, 
but present practice was to publish not less than four, and 
members would no doubt have noticed the improvement 
in the contents in the more recent issues. He felt sure 
that the articles, all contributed by eminent members of 
the profession, would be of interest to all but would be of 
special value to the younger members. The Refresher 
Courses, which had been held annually since 1947, in 
addition to their technical interest, provided the ideal 
environment for members to meet old friends and make 
new contacts, and would almost be justified for that 
reason alone. A further course, on the Joining of Metals, 
had been arranged for next October. Apart from the 
Annual General Meetings a number of provincial meet- 
ings had been held at which were discussed such topics as 
“The Place of the Qualified Metallurgist in Industry ” 
Metallurgical Education in Great Britain” ; and The 
-atenting of Inventions ”’; to name but a few. 

One of the most important functions of the Institution 
was, undoubtedly, the holding of examinations and the 
conferring of qualifications. The holding of examinations 
of a standard equal to, or higher than, a university 
honours degree was not a simple matter to organise, and 
it was not until 1947 that it was possible to decide finally 
on the syllabus for each grade, appoint examiners and 
make all the arrangements necessary. Since that time, 
the number of candidates had increased from 19 in 1947 
to 155 in 1951, which was a source of great satisfaction, 
arising as it did from the recognition accorded by 
responsible authorities and the value of the qualifications 
conferred by the Institution—a remarkable achievement 
in the space of five years. When such recognition became 
general, and a man unable to sit for a university degree 
could obtain an equivalent qualification through the 
Institution, one of the original objectives of the founders 
would have been achieved. 

Membership of the Institution was not confined to 
residents in the British Isles, there being some 200 
members in other parts of the Commonwealth. Con- 
siderable help had been received by the Council from the 
Membership Panels set up in India and Australia in 1949. 
Composed of members of the Institution of high standing 
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in the profession, they advised the Membership Commit- 
tee on the standing of the qualifications conferred by 
overseas universities and metallurgical schools, reported 


on the suitability of the training and experience of 
applicants, and verified details submitted by candidates 
of their qualifications and experience. Membership of 


the Institution was also open to foreign nationals and 
there were now 14 foreign members. 

Referring briefly to a number of services which the 
Institution could render to its members, Dr. Smithells 
mentioned the appointments register, which had been 
operating successfully since January 1947, and _ the 
register of members wishing to act as consultants. A 


further service which had been inaugurated w 5 the 
provision of free legal advice by the Institution’s so citors 
on matters of general interest to the profession. mong 
other ways in which the Institution was helping m_ mbers 
might be mentioned advice to parents on metal) irgical 
careers for their sons, compiling statistics on salarics, and 
representation on committees dealing with education 
and other matters of importance to the profession. The 
Council had in mind other ways in which the Institution 
could serve its members as the necessary funds became 
available. That depended on an increase in membership 
which, in view of the achievements he had just recalled, 
Dr. Smithells felt could be counted on with confidence, 


The Iron and Steel Institute 


Annual General Meeting 


Tue Annual General Meeting of the Iron and Steel 
Institute was held in the Institute’s Offices, 4, Grosvenor 
Gardens, London, 8.W.1, on Wednesday, Thursday and 
Friday, May 30th and 31st, and June Ist, 1951. 


Presentation of Medals and Prizes 

At the opening session under the chairmanship of Mr. 
J. R. Menzies-Wilson, the Retiring President, the follow- 
ing medals and prizes were presented :— 

Tue Str Rowert Haprietp Mepat for 1951 to Mr. 
W. Barr (Colvilles, Ltd.) in recognition of his contribu- 
tions to research in steelmaking. 

THE CARNEGIE SILVER MEDAL FoR 1950 to Mr. A. B. 
Winterbottom (Technical University of Norway, Trond- 
heim) for his paper on “ Optical Studies of the Oxidation 
of Lron at Temperatures in the Range 20°-265° C.”) Mr. 
Winterbottom was a Williams Prizeman in 1932. 

Tue WILuiamMs Prize ror 1950 (value £100) to Mr. 
T. H. Harris (Brymbo Steelworks, Ltd.) and Mr. W. H. 
Everard (Edgar Allen & Co., Ltd.) for their paper 
(written jointly with Mr. D. J. O. Brandt) on * The Use 
of the Oxygen Lance in British Electric Furnace Prac- 
tice ” (Part I—“Use of Oxygen for the Production of 
Low-Carbon Alloy Steel other than High-Chrome Steels.” 
Part Il The Use of the Oxygen Lance in Stainless Steel 
Production 

The Williams Prize may be awarded only to someone 
who is regularly employed in a British Iron and Steel 
Works, in a position not superior to that of manager of 
any one technical department. As a result, the staff of 
B.LS.R.A. are not eligible and the Council thought this 
unfair to Mr. Brandt, especially as they knew of the 
important part he had taken in initiating and conducting 
the experiments. Accordingly they decided to award 
a special prize of equal value to Mr. Brandt. 

Tue ABierr Prize ror 1950 (value £100) to Mr. D. A. 
Wise and Dr. L. N. Bramley (both of B.I.S.R.A.) for their 
paper on “ Proposed Method of Specifying Travel- 
Motion Performance for Steelworks Overhead Cranes ” 

Tue BesseMER MEDAL FoR 1951 had, of course, been 
awarded to Mr. Benjamin Fairless, President of the 
United States Steel Corporation, in recognition of his 
distinguished : ervices to the iron and steel industry, but 
as Mr. Fairless was unfortunately unable to come to 
Europe at the present time, the Medal was presented to him 
by Sir Charles Goodeve in New York on May 24th at the 
Annual Meeting of the American Ironand Steel Institute. 


Presidential Address 


After the formal business of the Institute had been 
completed, the President-Elect, Mr. Richard Mather, was 
inducted into the Chair by Mr. Menzies-Wilson. 


As subject for his Presidential Address, Mr. Mather had 
chosen “The Iron and Steel Institute and the Industry,” 
prompted by a consideration of the possible effect on the 
Iron and Steel Institute’s activities of the most far- 
reaching change the iron and steel industry had yet 
experienced, namely, nationalisation. In pursuit of an 
answer to the question, Mr. Mather traced the relation- 
ships which existed between the Institute and the 
Industry at various stages in its history. The Institute 
was, of course, founded in 1869 by a group of Northern 
ironmasters for the purpose of catering for discussions of 
current practice in the Industry, and of possible develop- 
ments. It was not intended to be in any way a local 
organisation, or even a purely British one. Indeed, 
before its first year had passed, the first overseas member 
was admitted. Many of the first members of the Institute 
were actual proprietors of, or partners in, undertakings 
of the iron and steel industry. In view of the opinion 
held in certain quarters concerning the industrialist in 
the steel industry, it is worthwhile calling attention to 
the initiative of these men in founding an Institute whose 
main objectives were to break down technical secrecy and 
to encourage scientific study and discussion of the 
operations and possible developments of a great industry. 
Most of the early papers were inevitably what would 
to-day be called practical papers, but beside them, 
however, were the first of Isaac Lowthian Bell's papers on 
the “Chemical Phenomena of Iron Smelting,’ Pyro- 
meters,” by Siemens, “ The Condition of Carbon and 
Silicon in Iron and Steel,” by Snelus, and ‘ Spectrum 
Analysis,” by Roscoe. Equally inevitably, with the 
growing appreciation of the part science could play in the 
development of the Industry, there had been a tendency 
for the scientific paper to take the place of the practical 
paper, but the recent formation of the Engineers’ Group 
had done much to restore the balance. It was interesting 
to note that although the early members were mainly 
practical manufacturers, their wholehearted acceptance 
of their more scientifically learned co-members is show? 
by the fact that, of the first 12 presidents, no fewer than 
five were, or subsequently became, Fellows of the Royal 
Society—a proportion which had not been reached since. 
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From the earliest days, relations between the Institute 
and ‘.e Industry were intimate and strong. The 
Inst.vute received much from the Industry in practical 
knowledge and active stimulus ; it gave back at least as 
muc’. in constructive criticism, systematised information, 
and rp inters to further progress. Like the British 
Constitution, the connection between the Institute and 
the Industry was never formalised. It was unnecessary, 
nor would it have been possible, without serious disrup- 
tion, once the overseas membership grew to importance. 
At no time could any industrial organisation or group of 
organisations control the policy or activities of the 
Institute. The Institute and the Industry had benefited 
equally from the combination of freedom and close 
contact. 

At two periods during its history the Institute’s finances 
were helped by contributions from industrial under- 
takings, but these carried no conditions whatever con- 
cerning the policy and activity of the Institute. The 
more recent of these was occasioned by the delay in 
proceeding with the publication of a self-supporting 
journal due to the war, but the earlier assistance was a 
recognition of the strain on the Institute’s resources 
resulting from the activities of its Research Committees. 
This co-operative action between the British Iron and 
Steel Federation and the Institute led to the setting up of 
an Iron and Steel Research Council qualifying for a 
jovernment grant. Subsequently the British Iron and 
Steel Research Association was formed, financed from the 
funds of industry and from Government grants. The 
Institute’s previous work in the field of research was 
recognised in the constitution of the new association by 
the grant to the Institute of the right to appoint several 
members to the Council—a further link with the Industry. 

In conclusion, Mr. Mather said that if the consolidation 
into one ownership of so preponderant a part of the 
British industry had followed the lines of some of the 
other measures of nationalisation, he would have been 
apprehensive of its effect on the vigour and future 
possibilities for good of the Institute. Neither the 
Institute nor the Industry had at any time attempted to 
lay down any definite, official or final pronouncement on 
any of the many questions which had arisen : there had 
always been room for the expression of views by the man 
who did not accept the prevailing view on any debatable 
subject. That freedom had been of considerable benefit. 
Whilst the new form of organisation of the Industry was 
not such as immediately to cause apprehension, vigilance 
would need to be exercised to ensure that administrative 
practices, maybe without any deliberate intention, did 
not result in some loss of technical freedom by the 
individual, whereby he found himself with fewer oppor- 
tunities to express his views or to advance new ideas, 
whether through the medium of the Institute or otherwise. 


Technical Sessions 


Following the Presidential Address, the remainder of 
the first morning’s session was devoted to a discussion of 
& paper on “The Present Position of the Converter 
Proc: ss in Economie Comparison with other Steelmaking 
Proc: sses.” In the remainder of the technical sessions, 
the | pers discussed concerned blast furnace practice and 
oper | with the presentation of films by Dr. J. B. Austin 


on’ -tudy of the Zone in Front of a Blast-Furnace 
Tuy: by Means of High-Speed Motion Pictures and 
Mod.” This was followed by a discussion on “ Sig- 


nifies -e of Equilibrium and Reaction Rates in the 
Blasi “urnace Process.” Other papers presented for 
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discussion on the second day included : “Aspects of the 
Blast-Furnace Situation in the U.S.A.” ; “ Evolution of 
the All-Carbon Blast-Furnace ”; “ Radio-active Indi- 
eators for Blast-Furnace Refractory Wear”; “ The 
Smidth Agglomerating Kiln—Plant and Practice at East 
Moors Works, Cardiff’; ‘ Sinter Making at Appleby- 
Frodingham ” ; “ Investigation of Controlled Variables 
on Sinter Quality. Part I—Development of Experimen- 
tal Sinter Plant and Preliminary Results using Northants 
Ore’; and “ The Sintering of Northamptonshire Iron 
Ore—a Production-Plant Study of Factors Affecting 
Sinter Quality.” The proceedings on the final day were 
confined to a morning session when two papers were 
discussed: “ Full-scale Blast-Furnace Trials”; and 
“ Distribution of Materials in the Blast Furnace. Part 
If{I1—Further Factors Influencing the Distribution of 
Solids in the Blast-Furnace.” 


Crosshead for Large Press 

Many interesting problems of foundry technique were 
involved in the production by David Brown-Jackson, 
Ltd., Manchester, of this moving crosshead for a heading 
press of 2,500 tons capacity. Roughly triangular in 
shape, with sides 9 ft. 6 in. long and approximately 4 ft. 
deep, the casting weighed 124 tons before machining. 

Design basis was such as to reduce the dead weight to a 
minimum whilst ensuring adequate strength and 
rigidity to cope with the severe working conditions 
entailed. This was achieved by introducing a lattice of 


stiffening ribs fanning out radially from a central boss 
and extending to the sides of the casting. All moulding 
operations were carefully planned and special casting 
techniques were evolved. Choice of core material and 
construction of the many intricate cores involved was 
based on the results of investigations carried out by the 
Manchester firm’s own Research Department. A modern 
melting plant equipped wit full instrument control was 
used for the preparation of the high carbon steel under 
direct laboratory supervision. 

The consideration given to production methods was 
amply repaid by the quality of the finished casting, which 
required the minimum of machining and which, under 
radiographic examination, showed no internal defects. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


The Kent Multi-Point Air-Operated 
Receiver Recorder 
Ir is often most convenient to provide a record of a 
number of measured variables in a plant at a point 
remote from the place of measurement. In this way a 


record is obtained which gathers together a number of 


individual re- 
cords or indica- 
tions in a place 
where they can 
be examined cen- 
trally under more 
suitable condi- 
tions. This is 
known as tele- 
metering or tele- 
recording, and is 
usually — carried 
out by electrical 


means, The ex- 
tensive develop- 
ment of air- 

2 : has. however, led 
to the applica- 

tion of this servo- 

medium to the 

field of remote 


transmission, 
Pneumatic telemetering is obviously a desirable feature 
in a plant which already functions with an air-operated 
control scheme, but apart from this it has advantages 
over an electrical system. These apply particularly in 
industries where elaborate fire precautions must be taken, 
for example in the petroleum industry, where the use 


of electrical power would be dangerous in the presence of 


inflammable gases or liquids, or where explosive sub- 
stances are met with, as in the chemical industry. 

George Kent, Ltd., have now produced a multi-point 
air-operated receiver recorder for use in these circum- 
stances. It provides a synchronised side-by-side record 
of the principal measured or controlled variables in a 
system. It can be used in conjunction with a trans- 
mitter mounted in any of the standard Kent instruments 
(mercury or ring balance types for flow, Multelec 
potentiometers, pressure or temperature controllers) or 
with transmitters of other makes provided that they emit 
the required pressure range, All the components of the 
receiver are standard : the bellows unit, which is essen- 
tially a pressure gauge, comprises standard components 
largely as used for the Kent Mark 20 air-operated control 
unit. 

The receiver records on a chart divided into three 
distinet zones and can operate on 3, 4, 5, or 6 points. 
When it is operating on more than three points, and two 
pens are recording on one zone, different coloured inks 
are used. Pen travel is 3 in. for each point. Each pen is 
provided with a separate “zero” adjuster. The chart 
is driven by a synchronous electric (A.C.) motor and at 
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the standard speed will last for two months. To fac: itate 
chart changing the chart roll is mounted on a drop-t: ame, 
The instrument includes an air-filter, pressure recacing 
valve, moisture sump and pressure gauge. Air ccounee. 
tions are by unions to nipples on the side of the meter 
case, The system air pressure range is 3 to 15 Ib. ‘sq. in, 
and the maximum working distance from the transmitters 
is 1,000 ft. The mechanism is mounted in a cast alumi- 
nium case which is suitable for wall or flush panel mount- 
ing. The dust-proof door seals on a rubber joint and is 
fastened by two locks embodied in the handles. The 
net weight of the instrument is 70 Ib. 
George Kent, Ltd., Luton and London, 


Dry Chemical Feeders 

THE latest development in the feeding of a wide range of 
materials of a granular nature, including dry pulverised 
chemicals and similar products, is represented by the 
“RT” feeder of the Paterson Engineering Co., Ltd., of 
London. This has the advantage of being extremely 
simple in operation, in spite of the high degree of accuracy, 
efficiency and freedom from mechanical troubles. 


STORAGE HOPPER —> 


Feto 
CONTROL 


VORTEX 
MIXER 


The only moving part of the feeder is the revolving 
feed table which is rotated at constant slow speed below 
the stationary feed hopper. This rotation is effected by 
an electric motor, Pelton wheel or convenient belt drive, 
with the necessary speed reduction secured by an in- 
built speed reducing gear of the silent type. A sectional 
feed knife extends into the chemical or other product 
within the base of the hopper, deflecting a certain con- 
stant volume of material from the table into a vortex 
mixer alongside, the quantity deflected being determined 
by the position of the feed knife and the number of 
sections of the knife which are in the operative position. 
The effective thickness of the knife is pre-determined 
according to the required range of feed capacity, the 
range available being very wide, while the position o| the 
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kn. is instantaneously adjustable by a positive ex- 
te: .°! control while the machine is running. When used 
fo. vagents having a tendency to arch or pack, moving 
agitators are provided within the feed hopper, keeping 
the ‘sass of chemical in motion, and ensuring uniform 
gravit tional descent to the feed table. The measured 
str .m of chemical is discharged through an opening into 
the vortex mixer adjoining, where it is intimately mixed 
with water and discharged to the point of application. 

The rate of feed is externally controlled by the rotation 
of a small friction hand-wheel mounted above the vortex 
mixer, which moves the feed knife further into or out of 
engagement, the position of the knife, and consequently 
the rate of feed, being shown by a pointer on a divided 
scale. The worm drive of the knife and pointer ensures 
positive fixed adjustment, without the necessity for a 
locking device or the setting of fixing means such as 
locknuts or set screws, and there is also included a device 
for adjusting and locking the knife thickness. Also, by 
modification of the speed reduction gear any required 
delivery can be secured from a few ounces to several 
ewt. per hour. 

An important advantage is the small floor space and 
head room required, and the feeder is practically dust 
tight in operation, the feed hopper being fitted with a 
dust-proof cover, so that there is no danger of light 
materials being air-borne by stray currents and deposited 
in the bearings of motors and other machinery. 

Any class of powdered or granulated substances can be 
handled and an extensive field of application is powdered 
reagents for water treatment, including sulphate of 
alumina, lime, chalk, soda-ash, sulphate of iron and 
activated carbon. 

The Paterson Engineering Co., Lid., London. 


Continuous Sintering Furnace 


As an example of recent practice in the field of powder 
metallurgy, we reproduce an illustration of a sintering 
furnace for continuous production designed by Siemens- 
Schuckert (Great Britain), Ltd., which is probably the 
first of its kind in this country. 

This furnace is suitable for sintering metal powders 
and comprises a central high temperature heating 
chamber, flanked on either side by zones of intermediate 
temperature for preheating and cooling the charge. An 
outer, water-cooled zone at the delivery end of the 
furnace completes the cooling-down of the charge. The 
furnace is equipped with molybdenum heating elements, 
molybdenum being one of the few metals which are 
suitable for operation at high temperatures. Moreover, 
the furnace operates with a reducing atmosphere, which 
does not permit of the use of most other metals or silicon 
carbide for the heating elements. The elements are of 
special design, which ensures the maximum heat transfer 
to the charge; at the same time, their arrangement 
permits of rapid replacement. The protective atmos- 
phere is introduced into the central heating zone and 
dis>crses to each end of the furnace. Special doors and 
gas screens at both ends prevent the entry of the 


sur~ounding air to the interior. 

-t insport of the charge through the furnace is effected 
by eans of a pneumatic pusher, in conjunction with a 
sp: ally designed roller transport system. The charge 
Its" ~ consists of components which are placed in suitably 


de ed charging boats. It is found that these com- 
po .ts emerge from the furnace with a bright finish and 


exactly to the required dimensions, so that no further 
operations are necessary. The furnace has been in 
operation continuously day and night for more than 


a year. 
Siemens-Schuckert (Great Britain), Ltd., Brentford. 


Foot-Operated Isolating Switch 


A RECENT addition to the Quasi-Are range of welding 
plant and ancillary equipment is a 300 amp. foot- 
operated isolating switch. Designed for use with a 
standard Quasi-Are welding transformer, it enables the 
operator to make his holder “ dead” when he is not 
welding. This foot switch is proving particularly 
valuable for use in confined spaces, such as inside tanks 
and in collieries. 

The operating parts of the switch are contained in an 
aluminium case mounted on skids. The mechanism 
comprises two 150 amp. switchblades in parallel and 
operated by quick-break mechanism of substantial 
construction. The isolating switch is connected in the 
lead from the are-welding plant to the electrode holder, 
and push-in type plugs and sockets, made to the 
dimensions and tolerances of B.S. 1071, are fitted at each 
end of the switch box. 

Quasi-Arc, Bilston, Staffs. 


Automatic Rocker Pad Hardening 


AN automatic machine for the hardening of engine valve 
rocker pads has been built by The General Electric Co., 
Ltd., and installed in the Farington works of Leyland 
Motors, Ltd. The machine comprises a 5 kilowatt high 
frequency induction heater, together with automatic 
handling equipment for the work. 

The rocker levers are loaded on to the arms of an 
eight-position rotor which is indexed and carries each 
lever in turn to the heating inductor. There the surface 
to be hardened is raised to the required temperature and is 
then immediately indexed to positions where oil quench- 
ing jets are directed on to it, after which the rocker is 
automatically ejected into a bin. Indexing and unloading 
of the machine is performed pneumatically and safety 
devices are fitted to ensure the correct spacing of the 
rocker pads from the heating inductor and to prevent the 
application of high frequency power unless the quenching 
jets are in operation. After being used, the quenching 
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oil is passed through a heat exchanger, where it is cooled 
by means of a mains water supplyand is then recirculated. 
A process timer is fitted to the machine to enable the 
rotor which carries the rocker lever to be indexed at 
precise intervals. Signal lights are used to indicate 
various aspects of the operation of the equipment and 
there is a meter to check the performance of the high 
frequency generator. 

Various types of rocker pads are hardened on this 
machine and the work-carrying rotor can be changed in a 
few minutes. The output of the machine is approxi- 
mately ten times that of the previous hardening method. 
Equally interesting is the fact that the machine is not 
regarded as a special piece of equipment but is installed 
in a production line and hardens the pads as the rocker 
levers are passed along the line. 

The General Electric Co., Ltd., Magnet House, Kings- 

way, London, W.C.2. 


Case-Hardening Distortion 
Correction Broach 


A New and special type broach, for correcting distortion 
which is apparent after case-hardening, is now being 
made by B.S.A. Tools, Ltd. 

Bearing in mind two important factors, that the 
broach would have to be produced at the lowest possible 
cost, and maintain a Rockwell C hardness of 65-66 to 
ensure a reasonable life, this special correction broach 
has been produced after a great deal of research and 
experimental work. 


For removing the distortion in the splined bore. of 
clutch hubs and dog clutches, a push type broach suit: le 
for use on a vertical press was made, and in considerat.9n 
of the very high stress values encountered the broach as 
kept as short as possible. The desired hardness ./as 
achieved and finally a liquid nitriding treatment as 
given to obtain a glass-hard surface. This extremely 
hard surface enables the broach to have an exceedinwly 
long life as the resistance to wear of a nitrided high- 
speed steel is of a very high order. The broach was 
designed to burnish both the top diameter and the side 
faces of the splines. The distortion itself was rectitied 
by pushing back the protrusion to the original level 
without removing any metal This compressive action 
has no detrimental effect upon the material and there is 
no risk of the formation of cracks, in fact the compression 
tends to increase the surface hardness. Suitable for 
use on components after all carbon and carbo-nitrogen 
case-hardening treatments this special broach _ will 
correct distortion up to 0-005 in. The B.S.A. laboratory 
has found Trefolex to be a satisfactory lubricant for the 
burnishing action. 

This type of broach has now been used by many 
engineering firms, including coal-cutting machinery 
producers, machine tool manufacturers and car manu- 
facturers; one broach having already corrected an 
entire batch of 2,800 clutch hubs is still in use on the 
same operation. The economy affected by this type of 
broach, not only in labour, but also in the salvaging of 
components is clearly apparent. 

B.S.A. Tools, Ltd., Mackadown Lane, Marston Green, 

Birmingham. 


NEWS AND ANNOUNCEMENTS 


The British Instrument Industries 
Exhibition 

THE first British Instrument Industries Exhibition opens 
at the National Hall, Olympia, on the 4th of July and 
continues until the I4th. It is supported by the: 
British Electrical and Allied Manufacturers’ Association ; 
British Industrial Measuring and Control Apparatus 
Manufacturers’ Association ; British Lampblown Scien- 
tifie Glassware Manufacturers’ Association; Drawing 
Office Material Manufacturers’ and Dealers’ Association ; 
Scientific Instrument Manufacturers’ Association of 
Great Britain, Limited. The purpose of the exhibition is 
to show scientific and industrial instruments of entirely 
British manufacture. Coinciding, as it does, with the 
Festival of Britain, the exhibition provides an additional 
opportunity of demonstrating to the world the excellence 
of British preduction in a field linked closely with the 
maximum production efficiency. 


Simon-Carves Coke Ovens in U.S.A. 
Srmon-Carves, Lrp. have signed a contract with the 
Great Lakes Carbon Corporation of New York for the 
building of a battery of 40 coke ovens at their works in 
St. Louis, Missouri. It is believed to be the first coke 
oven contract eve’ obtained in the United States by a 
British firm. The battery will be founded on pre-cast 
piles driven through slag to rock strata approximately 
30 ft. below cellar floor level. The ovens will be of the 
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latest twin-flue twin-regenerator type, the oven width 
being 20} in. with a taper of 3 in. ; the battery will have 
a capacity of 530 short tons of coal per day, and will 
produce a high-grade foundry coke on a coking time of 
24 hours. The contract includes oven machinery and 
extensions to an existing by-product plant. Apart from 
certain local building materials, such as common bricks 
and cement, all materials and equipment will be of 
British origin. Work has already begun on site and is 
expected to be finished in about a year’s time. 


Forged Steel Rolls as Dollar Exports 


Prior to World War II, German and U.S. firms mono- 
polised the manufacture and supply to the world’s 
markets of fully-hardened forged steel rolls for cold- 
rolling ferrous and non-ferrous metals. At the Paris and 
Toronto Fairs this year, Hadfields, Ltd. exhibited 
“ Hadura” rolls of this type, in which they have 
specialised for many years, and which they are now 
supplying to home and overseas customers. Con- 
signments are currently going forward for the new 
South Wales strip mills which are nearing completion, 
and in the near future deliveries will commence for the 
new French Steelworks now being erected at Hayange 
(Moselle). In the dollar area, these rolls are now being 
successfully used in Canadian rolling mills, and the smal! 
numbers being supplied to American mills are expected 
to be increased by furth: v orders. 
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Conservation of Scarce Materials 

Mission to United States 
Ayunusual special mission, arranged by the Anglo-Ameri- 
can Council on Productivity, is now in the United States. 
Searce m° erials and their effective use are basic to the 
growing defence programme and to the further raising of 
productivity in this country. This special group is 
trer-fore going to the United States co explore the sub- 
ject with the engineering and silied induscries there with 
a view to making suggesiions as to how British industry 
can improve its indusvrial housekeeping and use scarce 
materials in the strictest possible way. In the metal- 
wing industries we have now entered a period in which it 
will be increasingly necessary to employ the utmost 
economy. 

The group is a small and specially selected one chosen 
in consultation with a number of the principal trade 
associations and the Trades Union Congress. The follow- 
ing are the terms of reference :— 

This Specialist Group is to enquire into measures 
being taken and planned in the engineering and allied 
industries in the United States for the conservation and 
efficient utilisation of scarce materials. It is concerned 
primarily with the immediate short-term problem. but 
would wish also to be put in touch with any long-term 
steps (involving basie changes in design) being cur- 
rently planned. The following headings are suggested 
for the enquiry in addition to any others which may be 
proposed by the U.S. side :— 

1. Scarce materials substitution. 

2. Emergency specifications and standards. 

3. Direct economy measures. 

4. Short-term alterations in design. 

5. Simplification of product range to eliminate 

items using high proportion of scarce materials. 
}. Factory re-organisation to ensure economy. 

7. Possibilities of increasing co-operation between 

materials supplier and user. 

The Group will be lead by Srk GraHAM CUNNINGHAM, 
(hairman and Managing Director, Triplex Safety Glass 
(o., Ltd. : and other members are : Mr. H. W. Bowen, 
Managing Director, E.M.I. Factories, Ltd.; Mr. F. E. 
(CHAPPELL, Director, Harold Whitehead & Partners, Ltd.; 
Mr. F. V. Everarp, Works Executive Director, Belliss & 
Moreom, Ltd. ; Mr. G. Hampson, Chief Buyer, Leyland 
Motors, Ltd.; Mr. D. A. Ottiver, Metal Economy 
Adviser to the Ministry of Supply and Director of 
Research to the B.S.A. Group ; and Magor P. L. Teen, 
Deputy Director of Aircraft Research and Development, 
Vickers-Armstrongs, Ltd. The Secretary is Mr. B. 
Warr, Technical Director, Federation of British 
Industries, 


Transfer of Research to Scotland 
From N.P.L. to M.E.R.O., East Kilbride 
“ME of te work being done in the Engineering Division 
ofthe N»'tional Physical Laboratory is being transferred 
to the new laboratory of the Mechanical Engineering 
Researc! Organisation, D.S.I.R. at East Kilbride, Nr. 

Glasgow 

The m ‘n section of the research work to be transferred 
s that oncerned with the strength of materials at 
ordinary emperatures, including fatigue of materials, 
lailures service, mechanical design problems, gas 
cylinder mechanical tests on metallic and non-metallic 
materia and general mechanical testing techniques. 


June 1 


For the time being the work on the strength of materials 
at high temperatures will remain at the N.P.L., but it is 
scheduled to move to Scotland in due course. The move 
involves the transport to Scotland of about 120 tons of 
machines and scientific equipment ; it is hoped to com- 
plete the transfer by mid-July. There are also at N.P.L. 
sections of M.E.R.O. working on fluid mechanics and 
mechanics of formation. These sections will be trans- 
ferred to Scotland in August. 

The headquarters of the Organisation, together with 
the Lubrication Division, the Machine Shaping Section 
and parts of the Mechanisms and Formation Section, 
have been at Thortonhall, Glasgow (a few miles from 
East Kilbride) for some time. From Ist July enquiries 
relating to the strength and properties of materials at 
ordinary temperatures should be addressed in the first 
place to : The Director, Mechanical Engineering Research 
Laboratory, East Kilbride, Glasgow. 


British Standards Institution 


New and Revised Standards 


INSPECTION AND TESTING PROCEDURE FOR ALUMINIUM 
AND ALUMINIUM ALLOYS FOR AIRCRAFT AND RELATED 
MATERIAL SpeciFicatTions (B.S. L.100 : 1951) 

A BriTisH STANDARD to cover the general inspection and 
testing requirements for wrought aluminium and alu- 
minium alloys to be used in the manufacture of aircraft 
has been published by the British Standards Institution. 
The procedure set out in this British Standard—L.100 
“Inspection and testing procedure for aluminium and 
aluminium alloys for aircraft ’’—is for use in conjunction 
with relevant specifications in the “ L” series of British 
Standards for aircraft materials. The procedure is also 
applicable to other aluminium and aluminium alloy 
products for aircraft, where appropriate, such as those in 
the Ministry of Supply D.T.D. series. The following new 

British Standards related to L.100 are also available. 


Title Replacing 
99%, aluminium sheets (half-hard) ..  .. B.S. 2 L.16 
99% aluminium sheets (soft) ..  .. B.S. 2 L.17 
Aluminium-copper-nickel-magnesium alloy forgings B.S. 4 L.25 
99°, aluminium bars and sections ..  .. .. B.S. L.34 
99°, aluminium wires and tubes for rivets ..  .. B.S. L.36 
Aluminium copper - magnesium - silicon - manganese 
alloy wires and tubes for rivets ..  .. B.S. 2 L.37 
Aluminium - copper - magnesium - iron - nickel alloy 
21.44 Aluminium-2°, magnesium alloy bars and extruded 
L.55 Aluminium-2°% magnesium alloy tubes (half-hard) D. 440 
L.56 Aluminium-2°, magnesium alloy tubes (soft) ‘ -T.D. 3100 
L.57 Aluminium-copper-magnesium alloy wires for rivets D.T.D. 327 
L.58 Aluminium-5% magnesium alloy wires for rivets. . D.T.D. 303 
L.59 Aluminium-manganese alloy sheets and strips 
L.60 Aluminium-manganese alloy sheets and strips 
L.61 Aluminium-manganese alloy sheets and strips (soft) _ 


(Price ; L.100—7s. 6d.; individual specifications, 1s. 
each.) 
Rounp STRAND STEEL WIRE SUSPENSION ROPES 
ror Lirts AND Horsts (B.8.329 : 1951) 


TuIs revision of the standard, which was previously 
revised in 1939, was undertaken at the request of the 
Lifts, Hoists and Escalators Committee for the inclusion 
of eight strand ropes and ropes having a tensile range of 
70 to 80 per sq. in., the tensile ranges now included being 
70 to 80 and 80 to 90 tons per sq. in. 

A departure from previous practice is that this revision 
now expresses the size of rope by the diameter and not by 
the circumference, a change which is considered to be in 
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the best interests of all concerned, and which now brings 
British practice into conformity with the current practice 
in other countries. The Foreword gives comprehensive 
guidance on the use of these ropes and gives recommenda- 
tions for the diameters of drums, sheaves or pulleys. The 
body of the Standard is substantially similar in layout to 
the previous Standard, the rope constructions included in 
it being 6 x 19,6 x 19 with 6 filler wires, 6 x 19 Seale, 
8 x 19,8 x 19 with 6 filler wires and 8 x 19 Seale. It 
includes testing requirements, breaking loads and weight 
of the ropes. (Price ; 3s.) 


Sizes oF MetaL SHEETS FOR LETTERPRESS 
Puoro-EnGrAvines (B.8.1705 : 1951) 

THE printing and process engraving industries have for 
many years been faced with problems arising from the 
differences in gauges of metal sheets for photo-engraving 
plates. There must, of course, always be special thick- 
nesses for such purposes as binders’ zincos, metal tube 
printing, etc., but the differences which occur in practice 
for ordinary letterpress printing create considerable 
difficulties. For example, there is the danger of plates 
being mounted on the wrong thickness of wood and there 
is no possibility of the suppliers of wood mountings using 
a standard thickness of wood. So far, gauges between 
14 and 19 have been widely used although the majority 
of plates have been of 16 gauge. There has, however, 
been no agreement as to whether this should be 16 B.G 
or 16 S.W.G. and the manufacturing tolerance on each 
of these gauges has resulted in the extremes presenting 
a variation that was excessive for printing machinery. 
B.S.1705 ‘Sizes of metal sheets for letterpress photo- 
engravings’ has now been published which lays down the 
thickness as 16 8S.W.G. and specifies thickness tolerances. 
The overall dimensions of both copper and zine sheets 
have also been laid down. (Price ; Is.) 


TOLERANCES FOR SteEL Drop anp Upset 

Forermes (B.8S.1718 1951) 
Tuts standard has been prepared at the request of the 
National Association of Drop Forgers and Stampers and 
is based on tables submitted by that Association. These 
agreed tables had been previously issued by the Associ- 
ation and are used by its members. It is hoped that their 
inclusion in one publication will satisfy a long felt need 
by simplifying the application of agreed limits to 
drawings which, in the past, have often been deficient in 
this respect. 

Tolerances are given in tabular form and are designed 
to cover the general range of forgings of average form in 
all ordinary specifications. Drop forgings are dealt with 
under thickness, width and length, draft angles, fillet and 
male edge radii, and quantity. Horizontally upset 
forgings are dealt with under thickness, die wear and 
shrinkag®, eccentricity and off-set length bar portion and 
quantity. (Price; 2s. 6d.) 

Brazine (B.S8.1723 : 1951) 
Tue British Standards Institution has recently published 
B.8.1723 : 1951 * Brazing,’ which is supplementary to 
B.S.1724— Bronze welding by gas’ (in course of 
preparation) and has been prepared as part of the pro- 
gramme of welding standards authorized by the Welding 
Industry Staaidards Committee of the Institution. 

The standard is confined to those aspects of brazing 
for which it is considered advisable to specify definite 
requirements although general recommendations regard- 
ing the features of one or more methods of brazing are 


given where it is thought that guidance will be 
In view of the vast range of joints and connect 
which brazing it used this treatment of the sul 
been considered the most appropriate. 

The brazing processes covered are blowpipe (torch), 
furnace, electric induction, electric resistance, ip and 
salt bath. A general section specifies requirem nts for 
joint design, general preparation, flux removal, inspec. 
tion and testing procedure. Each process is dealt with 
in a separate section in terms of a description of the 
processes and the permissible filler metals for the various 
parent metals. (Price ; 3s.) 

Copies of these British Standards are obtainable from 
the British Standards Institution, Sales Department, 24, 
Victoria Street, London, 8.W.1. 
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Personal News 
Dr. R. Genpvers, M.B.E., D.Met., F.R.I.C., F.LM., is 


now associated as Consultant Metallurgist with Messrs. 
Sandberg, 40, Grosvenor Gardens, 8.W.1, in connection 
with their recently opened Analytical Laboratories and 
Test House. 

Mr. C. 8. Grit, Managing Director of Davy & United 
Roll Foundry, Limited, received a presentation of 
Sheffield Plate at the recent meeting of the Back-Up Roll 
Makers’ Association. Largely instrumental in the forma- 
tion of the Association, he had been its Chairman from 
its inception until his resignation took effect recently. 
The presentation was made by the new Chairman, Dr. 
Dadswell, of the English Steel Corporation. 

Mr. W. C. HANDLEY has been appointed an Executive 
Director of British Insulated Callender’s Cables, Ltd. 
Mr. Handley has been associated with B.I.C.C. since 1923 
when he joined the former B.I. Company as Technical 
Assistant, Cable Test Department, at Helsby. 

Mr. F. Warritow, F.C.LS., has been appointed 
Secretary to Hadfields, Ltd., in succession to Mr. J. H. 
Little, A.C.A 

Mr. ©. A. Bakr is now associated with National 
Research Corporation, Cambridge, Massachusetts, as a 
Project Manager in its Applied Physics Department. 
Mr. J. F. Atcock, previously Joint Managing Director 
of Hunslet Engine Co., Ltd., has been appointed Chair- 
man and Managing Director. 

Mr. J. H. Russet, Works Director of Hall & Pickles, 
Ltd., was elected President of the Crucible Steel Makers’ 
Association at its Annual General Meeting. 

Mr. A. 8. GopBEHERE has left English Steel Corporation, 
Ltd., to take up an appointment in the Research Depart- 
ment of William Jessop & Sons, Ltd. 

Mr. C. T. WiLsHAw has been appointed Chief Metallurgist 
to F. Perkins, Ltd., Peterborough. 

Mr. H. Lee has been awarded the degree of Doctor of 
Metallurgy by the University of Sheffield. 

Mr. R. W. Srosss, formerly Chief Metallurgist with 
J. & H. McLaren, Ltd., and Bryce Fuel Injection, Ltd., 
has been appointed Senior Research Metallurgist with 
the David Brown Foundries Company, Penistone. 

Mr. G. D. Morton, B.Sc., M.I.E.E., who 
recently joined Siemens-Schuckert (Great Britain Ltd.), 
has now been appointed a Director of the Company. 
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LABORATORY METHODS 


INSTRUMENTS AND MATERIALS 


The Preparation of Alumina Bodies by the 


PHYSICAL METALLOGRAPHIC 


Vol. XLIII, No. 260 


Slip-Casting Method 


By W. Watt, B.Sc., A.R.LC. and J . P. Roberts, M.A., B.Sc. 


The techniques used in making sintered alumina, both for laboratory ware and other 
purposes, often cause difficulty to those with no previous experience in the field. On the 
other hand, various research laboratories have been in the habit of manufacturing their 
own alumina bodies for some years past. These laboratories recently prepared papers on 
their techniques for the Sintered Oxides Sub-Committee (Inter-Service Metallurgical 
Research Council, Admiralty and Ministry of Supply), and the information gathered is now 
released in the hope that it may be useful to those desiring guidance. Most emphasis in the 
following contributions is placed on the slipcasting method. The set of papers is published by 
kind permission of the Chief of the Royal Naval Scientific Service, and the Chief Scientist, 
Ministry of Supply. 


Preparation of the Slip 


LUMINIUM oxide should be in a fine state of sub- 
division for successful slip casting. The alumina 
powder used at the R.A.E. was bought from 

commercial sources, and subsequently “ micronised,” 
a process by which the particles are ground by impact 
with one another. 
The material had the following chemical analysis in 
per cent. by weight.. 
Loss on Ignition oc Be O-17 
The particle size distribution of the powder, as deter- 
mined by the Andreasen method, was 


Stokes diameter (js) Undersize (% by weight) 
9 


2 
12 92 
SS 
6 78 
> 69 
4 40 


By ball milling the alumina powder dry for 150 hours, 
a powder with the following particle size distribution 
was obtained : 
Stokes diameter (1) Undersize (% by weight) 
20 


12 


1 
“he ball milling has resulted in a considerable increase 
in ‘ve number of fine particles, e.g., 90°, under 5 microns 
as -ompared with 69°, under 5 microns before ball 
m ‘ng. Casts made from slips prepared from the ball- 
m ed powder had a higher green density, viz., 2-5 g. 


nunication from the Royal Aireraft Establishment, Farnborough, Hants. 
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approximately as compared with 2-2 g. 
approximately from the original material. This gave a 
reduced firing shrinkage which was often desirable. It 
should be emphasised, however, that this is not neces- 
sarily the optimum particle size distribution of alumina 
for slip casting. 

The charge from the ball mill was treated in the cold 
with its own weight of 6 N hydrochloric acid and allowed 
to stand for 48 hours with frequent stirring. This 
treatment served the double purpose of dissolving iron 
pick-up from the ball mill and of converting the alumina 
to a plastic state suitable for slip casting. 

After 48 hours, the supernatant liquid was decanted 
off, about the same volume of distilled water was added 
and the whole was stirred up frequently over a day, 
then left to settle out once more. This process of 
decanting and topping up with distilled water was 
repeated until the pH of the supernatant liquid was in 
the region 2-5 to 3-0 when tested with bromophenol 
blue indicator (range 2- 8-4-6) and thymol blue indicator 
(range 1-2-2-8). That is, the pH was adjusted to the 
lower limit of the bromophenol blue indicator and the 
upper limit of the thymol blue indicator. In the later 
stages of the preparation more than 24 hours settling 
was required. 

When the pH was judged to be satisfactory, enough 
supernatant liquid was left behind in the final decantation 
to give a slip containing 70-78°, by weight of alumina. 

There are several papers in the literature dealing with 
the technique of slip-casting refractory oxides such as 
alumina, '?>* but little has been published on the 
mechanism by which the oxides are converted into a 
plastic state. The following explanation is advanced 
here. 


1 D. Turner, “ Special Refractories for Metallurgical Research,” Trans. Faraday 
Soc., 27, 112, 1931. 

2 J. H. Partridge and J. R. Lait, ‘* The Manufacture of Refractory Articles from 
Pure Oxides of High Melting Point.” J. Soc. Glass Technol, 20, 200, 1936. 

3 V. H. Stott, ** Gas-tight Sintered Alumina Ware,” Trans. Brit. Ceram. Soc., 
37, 346, 1938. 
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RELATIVE VISCOSITY — SECONDS 


0 ' 2 3 4 
pH OF SLIP 


Fig. 1.-Relation between relative viscosity and pH for 
alumina suspensions. 


The hydrochloric acid attacks the surface of the 
alumina particles, forming a layer of aluminium hydrox- 
ide. That is, hydrogen ions are adsorbed by the surfaces 
so that the particles acquire a positive charge. They 
will have a corresponding negative chloride ion atmos- 
phere around them for electrical neutrality. It has been 
shown’ by cataphoresis experiments that alumina 
particles are positively charged in dilute hydrochloric 
acid solution of concentration 1-1 millimoles per litre. 
Between the positively charged particle and its negative 
ion atmosphere, there is a certain volume of water which 
may be regarded as associated with the particle, which is 
thus of a colloid character and the plasticity may be due 
to the associated water atmosphere acting as a lubricating 
film. 

The pH of the slip has a considerable effect on the 
viscosity. Some work by the authors on the effect of 
pH on the relative viscosity of alumina suspensions of 
the same concentration is shown in Fig. 1. 

The minimum on the viscosity curve occurs at a pH 
between 3 and 4, but it was not found practicable to slip 
cast at this pH because the resulting casts tended to be 
fragile. A pH of 2-5-3 gave a suitable viscosity with 
adequate strength of the green cast. 


Casting Technique 

Plaster-of-Paris moulds were used, made from a | : | 
by weight mixture of best potter’s grade of plaster and 
water. Just prior to casting, the slip was put under a 
good water pump vacuum for 20-30 minutes to get rid 
of entrained air bubbles. It was cast by pouring at a 
slow but steady rate into the mould and keeping the 
riser at the top of the mould filled up in the latter stages 
until the cast had set. 

After 24 hours in the mould, the casts were carefully 
removed and laid on glass plates to air dry for at least 
72 hours. This slow air drying was extremely important, 
since too rapid drying led to cracking of the cast, and the 
cracks were so small that they were not apparent until 
after sintering. 

Following this air drying, the casts were heated by 
raising the temperature steadily to 1,000°C., over a 
4-hour period, and then holding it at this value for 
2 hours. This preliminary heating gave the cast sufficient 
strength for the riser to be cut off with a hack-saw blade. 

The cast could also be turned on the lathe at this 
stage. Pots with an accurate wall thickness, for example, 
have been made by turning the outside and inside walls 
with tungsten carbide tools, although it must be admitted 
that about 50°, casualties were incurred in the operation. 


L. Roberts, Private communication from Leeds University. 
H. Stott, ** Gas-tight Sintered Alumina Ware," Trans. Brit. Ceram. Soc. 
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Fig. 2..-Time and temperature record of a typical firing 
run. 
Firing 


Specimens were fired to temperatures in the range 
1,720°-1,820° C. in a gas-fired furnace using town’s gas 
as fuel. Two injector gas-burners of Stott’s design® 
fired into tunnels, of length 27 in. and cross-section 
4in. x 3in., which turned into the furnace enclosure at 
opposite corners. The enclosure measured 12 in. x 
15in. x 12in. high. Temperature was estimated by 
sighting with an optical pyrometer on to the outside of a 
thin alumina crucible cemented into one wall and pro- 
jecting slightly into the enclosure. 

The firing cycle occupied 12-13 hours, a typical time- 
temperature record being shown in Fig. 2. At the end 
of a run the burners were removed from the burner 
holes, which were then closed with bricks placed in front 
of them, and the furnace was allowed to cool naturally. 
Because of the large thermal capacity of the furnace this 
took two days. 

Final Shaping 

On removal from the furnace, the specimens were 
examined visually for warpage and any major flaws, and 
for fine cracks by the following test. They were immersed 
for a few minutes in a solution of black vacuum wax in 
benzene, removed, wiped, washed in clean benzene for a 
few moments and finally wiped dry. The wax solution 
penetrated any fine cracks which were then shown up 
as thin black lines. 

Where necessary, specimens were then machined using 
diamond equipment. 

Acknowledgment 

The authors are indebted to the Chief Scientist, 
Ministry of Supply, for permission to publish this paper. 
Crown copyright reserved. Reproduced with the per- 
mission of the Controller of H.M. Stationery Office. 


FurTHER articles in this series will include The Manu- 
facture of Sintered Alumina Ware, by R. Scott of the 
British Ceramic Research Association ; T'he Production 
of Sintered Alumina Ware, by T. G. Carruthers, of the 
Ceramics Division, Department of Coal Gas and Fuel 
Industries, The University of Leeds; and Notes on the 
Production of Alumina and Other Ware for Research 
Involving High Temperatures, by V. H. Stott, of the 
National Physical Laboratory. In an Appendix, Dr. 
Stott will comment on the methods used in the various 
laboratories. 
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The Study of Dusts in 


4—Determination of Mass Concentration 


Industrial Atmospheres 


By P. F. Holt, B.Sc., Ph.D., D.LC., F.R.I-C. 


University of Reading 


Following his discussion of the instruments suitable for determining the particle count 
of industrial atmospheres, the author describes briefly methods of determining the 
complementary value, the mass concentration. 


described in previous articles is designed to 

obtain a sample of an air-borne dust of a size, and 
in such a form, that it is possible to count the number of 
particles collected from a known volume of air. Most of 
the earlier investigators did not use a counting procedure, 
but employed apparatus which was designed to obtain a 
sample that could be weighed. The particle count and 
mass concentration may give totally different pictures of 
a dust cloud and, ideally, both values should be 
obtained. The mass of dust in a volume of air depends 
on the number of particles present, on the size distribu- 
tion among the particles, and on the density of the 
material from which the dust is made. When a dust 
cloud contains mainly coarse, solid particles, the mass 
concentration relative to the count will be high (particles 
below, say 0-8 micron will contribute very little to the 
weight of a sample), and when the average particle size 
in a dust cloud is small, the mass concentration relative 
to the particle count is also small. Again, a sample 
containing mainly sandstone dust particles will give a 
higher mass concentration value than one containing 
similar numbers of particles, with the same size distri- 
bution, taken from the air of a colliery. 

In practice, the difference between mass concentration 
and particle count values is much less important than 
would appear at first sight. In most surveys, dusts of 
one type are measured, so that large variations in density 
are not likely to occur. Unless sampling is conducted 
very close to the source of the dust, the very large 
particles, which add considerably to the mass of the 
sample, settle out by air elutriation before they can reach 
the filter. It has been pointed out that very small 
particles, which may be numerous, contribute little to 
the weight of the sample, and, so far as respiratory 
disease is concerned, it has been proved that these 
particles are of no importance because they never settle 
in the alveoli of the lung. Inhaled particles smaller than 
«bout 0-5 micron are exhaled with the expired air and 
are not retained. It is for this reason that many 
investigators ignore dust particles larger than 5 microns 
or smaller than 0-5 micron when evaluating thermal 
;recipitator samples. 

The calculation of mass concentration figures from 
ferential particle counts usually gives very close 
‘reement with the values obtained by the more exact 

‘thods of mass concentration measurement. Samples 
* mass concentration determination are easier to 
tain, and far easier to evaluate, than are those 
quired for particle counts: the latest methods of 
lection are extremely simple and exact. Moreover, a 
_ gle sample can be taken over any length of time to give 


Tie dust sampling apparatus which has been 


june, 1951 


a value for the average dustiness and this is not true of 
the determination of particle count, most methods for 
which are designed only to take snap samples, or at best, 
to sample the air over a period of a few minutes. 


Filtration Methods 


Parer FILTERS 

One of the earliest and simplest methods for the 
measurement of the mass concentration of dusts utilised 
a circle of filter paper through which air was drawn. 
The volume was determined by passing the air through 
a meter and the paper was weighed before and after 
treatment, the weight of dust in unit volume of air then 
being calculated. The method was not too successful : 
filter papers tend to become clogged by fine dust, while 
oil or water droplets, which are often present in industrial 
atmospheres, very rapidly reduce filtration rate. More- 
over, cellulose is hygroscopic and the weight of the filter 
paper after sampling may have been increased appreci- 
ably. Some workers ignited the paper and sample 
before weighing the dust, but ignition alters the 
composition of dusts. 


SuGar CrystaL FILTERS 


South African workers used pure cane sugar crystals 
as a filtering medium. The crystals were packed into a 


— > SUCTION 


SUGAR CRYSTALS 
Fig. 1.—-Sugar tube dust filter. 


glass tube and suction was applied through a narrower 
tube held in position by a rubber bung; a diagram of 
the sugar tube is shown in Fig. 1. The filtered air was 
passed through a gas meter. After the sample had been 
collected, the crystals and the retained dust were washed 
out from the tube into a paper filter, the sugar was 
dissolved in water and the dust sample was weighed, 
usually after ignition. Several variations of this method 
were proposed ; for example, Graham, in this country, 
replaced cane sugar as a filtering medium by potassium 
nitrate. 
Actp CrysTaL FILTERS 

The sugar tube has several disadvantages. Consider- 
able volumes of air must be filtered to provide a dust 
sample large enough for accurate evaluation, and in moist 
atmospheres the crystals tend to become sticky. Again, 


309 


AXKKA 
=A 


Fig. 2.-Salicylic acid filter connected to an air ejector. 

Large particles which may be thrown into the air in 

industrial operations are prevented from reaching the 
filter by the shield. 


the laboratory treatment of the sample removes all 
water-soluble compounds. Two much more satisfactory 
methods for the determination of the mass concentration 
of dusts were developed for the Medical Research 
Council’s investigation into conditions in the South 
Wales coalfields and have now become standard practice 
in research on dust problems. One of these makes use 
of a bed of loose crystals as a filter. The erystals chosen 
are those of an organic substance, usually salicylic acid, 
which is readily soluble in an organic solvent and can 
easily be obtained pure. The crystals are packed as a 
layer on a fine wire gauze fixed across the mouth of a 
funnel-shaped filter holder. When air is drawn through 
the funnel at a high velocity, the loose crystals form a 
perfectly stable mass which does not disintegrate even 
when the filter is run in an inverted position. 

In one standard design of filter holder which is widely 
used, the filter cell is an ebonite ring, closed on one side 
by three stainless steel gauzes (a gauze of 140-mesh 
between two of 20-mesh) supported on an ebonite grid 
which screws into the ring; the cell will take a pad of 
crystals 3-4 mm. thick. The cell assembly screws on to 
an ebonite funnel which can be connected to a suction 
device. The filters are made at the sampling position as 
required, The salicylic acid is divided into portions 
weighing 2-3 grams and each portion is wrapped in 
cellophane. Before sampling, the packet is opened and 
the cellophane is laid flat on the palm of the hand with 
the crystals in a heap. The inverted filter assembly is 
placed with its gauze surface on the crystals, then the 
whole is inverted. By tapping the cellophane an even 
filter bed is prepared without contamination. The stem 
of the funnel is then connected by a rubber hose to the 
compressed air ejector which is used as a source of 
suction, keeping the gauzes in a horizontal plane. The 
cellophane is removed and the compressed air supply to 
the injector is turned on: the filter is now quite stable 
and can be run in any position, although it is usual to 
take samples with the gauzes lying in a vertical plane. 

At the end of the sampling run, the filter is turned so 
that the filter bed is uppermost before the air supply to 
the ejector is turned off. The filter holder is then dis- 
connected from the ejector and the crystals with the 


dust sample are shaken into a cellophane packet. In t! 
laboratory, the crystals and sample are transferred to , 
weighed 50 ml. centrifuge tube and the whole is extract | 
repeatedly with hot solvent (alcohol if salicylic acid 
used) until, after centrifuging, a drop of the supernata: t 
liquid evaporated on a glass slide does not leave , 
residue. The centrifuge tube is then transferred to «4 
oven at 80° C. for half an hour, after which time the dust 
sample and tube are weighed to find the weight of the 
dust. 

Salicylic acid has proved to be an excellent filtering 
medium but other substances which have a similar 
needle shaped form may be used. One of these is the 
hydrocarbon, acenaphthene, which is very soluble in 
benzene. 

Loose crystal filters of this type are satisfactory only 
if a sufficiently powerful source of suction is provided ; 
they are then very reliable and have a high efficiency. 
When compressed air is available at a pressure not less 
than 60 Ib. /sq.in., an ejector with a 1 mm. jet will 
provide sufficient pressure drop across the filter. If the 
ejector is fitted with a critical pressure orifice, the rate of 
flow is standardised so that no flow meter is required. 

These filters are capable of handling large volumes of 
air and their efficiency increases with the rate of 
sampling. Moreover, since quite large samples can be 
collected, even when the dust concentration is low, the 
samples are useful for investigation by microanalytical 
or petrological methods. As the dust is removed from 
the filter base by the aid of the centrifuge, no difficulties 
arise such as are encountered when the sample must be 
separated from filter paper. There is, however, consider- 
able size segregation in the centrifuge, and adequate 
mixing is necessary before samples are taken for micro- 
analysis. 

This sampling device has proved highly satisfactory 
for dust investigations in the casting and fettling sections 
of the metal industries, and it has found wide application 
in research into mining conditions. It has been proved 
capable of handling both the low dust concentrations of 
some metalliferous mines, where there may be only one 
or two milligrams of dust in a cubic metre of air, and also 
the very high concentrations found in coal mines, where 
several hundred milligrams of dust may be suspended in 
the same volume. 


MonocraPu No. 3 of a series dealing with the association 
of prominent men of science with the Cambridge Instru- 
ment Co., Ltd. in the inception and development of 
various fundamental scientific instruments has recently 
appeared. It deals with the thermal conductivity 
method of gas analysis, due principally to Dr. G. A. 
Shakespear, which has proved valuable in a wide field of 
applications referred to in a comprehensive index. These 
monographs are not catalogues and contain no advertis- 
ing matter, their object being to place on record the 
indebtedness of the instrument makers, and indeed of the 
whole world, to these men of science, and to detail the 
story of their collaboration before it is forgotten. Copies 
may be obtained from the Company at 13, Grosvener 
Place, London, 8.W.1. Previous monographs (No. l|—- 
* Fifty Years of Scientific Instrument Manufacture ” and 
No. 2—** The Development of the Duddell Oscillograph 
are still available in limited quantities and will | 
supplied, free of charge, to those interested, so long a- 
supplies last. 
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Determination with Mercapto-acetic Acid 

Mercapto-acetic acid, or as it is often called—thiogly- 
collie acid—was first advanced by Andreasch*® in 1879 
and later by Claesson® in 1881, but until 1927 it was not 
used for the quantitative determination of iron. In 
ammoniacal solution the reagent gives a red-purple 
colour with iron, and Lyons™ ascertained that this colour 
was a function of the total iron. Since he believed that 
the colour was due to reaction with ferrous iron, he 
postulated therefore, that the reagent first of all reduced 
ferric iron to the lower valency state, and then reacted 
with the ferrous ions. Cannan and _ Richardson,® 
however, attribute the colour to reaction with both 
forms of iron. 

Swank and Mellon® report that the colour is fairly 
stable and that fading may be largely overcome by 
atmospheric oxidation. The form in which the reagent 
is added, and the amount in excess, is without effect on 
the development of colour. Further, the concentration 
of ammonia is not critical. Cyanide is the only common 
anion to interfere, fluoride, oxalate, tartrate and citrate 
having no effect. Tungstate and molybdate produce 
faint blue and yellow colours respectively and in addition 
cobalt, nickel, lead, bismuth, mercury (I), uranium 
(UO,)~ ~~, silver and gold all give colours, those due to 
cobalt and uranium being strong. Manganous ions yield 
an amber coloured solution, but this colour fades rapidly. 
Copper, arsenic, tin, zinc and cadmium bleach the colour 
due to iron, but their effects can be eliminated by 
addition of a large excess of reagent. Chromium and 
aluminium form precipitates, and high concentrations 
of the alkali metals decrease the intensity of the colour. 

The chief disadvantage of the reagent is the use of a 
highly basie medium, when the hydroxides of many 
metals precipitate. Nevertheless the reagent is useful in 
that only one common anion interferes. It is widely 
used in practice. 


Determination with Kojic Acid 

Kojic acid (2-hydroxymethyl-5-hydroxy-y-pyrone) was 
first examined by Moss and Mellon’’. It had been found 
by Barham’* that the reagent could be determined 
colorin «trically by development with ferric chloride, and 
so Mos. and Mellon reversed this procedure in order to 
estima’ iron. The orange-coloured complex formed at pH 
H-Hha . content ofthree organic molecules to every atom 
of iron \s with ferron, the colour depends on the excess of 
reager’ used, as well as on the concentration of iron. 
Using 1 em. cell, it is possible to determine photo- 
electri ly 0-1 p.p.m., the upper limit being about 20 
Pp.m As in the thiocyanate method, the sensitivity is 
ineree | by the addition of acetone. The solution, 
buffer at pH 5 with an ammonium acetate buffer, is 
stable 5 weeks. 


Colorimetric Determination of lron 


A Review of Known Methods—3 
By T. S. West 


Chemistry Department, University of Birmingham 


In this issue the author concludes his comprehensive review of the known methods for the 
colorimetric determination of iron. 


Citrate, oxalate and pyrophosphate should be totally 
absent, and in the presence of certain organic acids, 
fluoride and phosphate, low results are obtained. 
Reducing anions such as cyanide, iodide, nitrite and 
sulphite have no effect if added before the buffer. 
Aluminium, arsenic, bismuth, chromium, dichromate, 
copper, molybdate, tin (II and IV) and vanadate all 
interfere seriously. Mehlig and Shepherd*® have 
recently adapted the method to the micro-scale, but on 
the whole the reagent is not widely used. 


Determination with Nitroso R. Salt 

Van Klooster®® first noted that nitroso-R-salt (1- 
nitroso-2-hydroxy-3, 6-naphthalene disodium sulphon- 
ate) gave a colour reaction with ferrous solutions ; the 
reagent was re-examined by Griffing and Mellon® in 
1947. The colour of the ferrous complex is bright green, 
the adsorption maximum being at 550 mp. They claim 
that the reagent is superior to ortho-phenanthroline and 
a,a’ dipyridyl, since the colour of the complex is more 
suitable for colorimetric measurement. With a 2-5 em. 
cell, determinations can be made in the range 0-2-50 
p-p-m. Using a 445-505 my filter the most favourable 
pH range is 8-10. Sideris®? on the other hand favours 
the use of a 640-700 my filter. 

Both the reagent and ferrous complex are susceptible 
to variations in pH—below pH 3-4 the reagent being 
yellow and above 8-6 green. Between 3-1 and 3-9 the 
colour intensity of the ferrous complex increases rapidly, 
while from 3-9 to 5-2 it is fairly stable. Above 5-2 it 
again increases in intensity. pH 4-6is most favourable. 

The reducing agent employed is hydroxylamine 
hydrochloride, excess being permissible, as it has no 
effect on the course of colour development. However, 
both the concentration and amount of reagent have 
considerable effect. Between 400 and 520 my a large 
excess is harmless, but from 520 to 700 my the 
concentration is critical. No transmittancy minimum 
occurs in the visible region of the spectrum, but a broad 
absorption band occurs at 700 my. The addition of 
buffer prior to the reagent causes a delay in colour 
formation. At 620 mp the colour is found to be stable 
for six hours, and between 640 and 760 my the colour 
increases rapidly over the first two hours. 

Aluminium, antimony, bismuth, mercury (II) and 
silver, precipitate from solution ; cobalt, copper, nickel, 
cerium, chromium, dichromate and uranium interfere by 
colour formation. Citrate, fluoride and cyanide prevent 
the full development of colour, and, for reasons not 
apparent, beryllium, strontium and orthophosphate 
increased the intensity. This is not due to the iron 
content of the salts used. Mercury (I) and zine alter the 
shape of the transmission curve due to the formation of 
colourless complexes. 
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The chief disadvantages of this reagent are the intense 
colour possessed by the reagent itself, and the extreme 
sensitivity of both complex and reagent to variations in 
pH. The colour of the reagent, along with the necessity 
to use excess, makes the method unsuitable for visual 
comparison, but with the use of a photo-electric 
instrument, a region of the spectrum may be chosen 
where the reagent does not absorb. On the other hand, 
the reagent is inexpensive and readily available, and 
where an instrument which can be used between 700-760 
my is available, the sensitivity obtainable is greater than 
with the popular ortho-phenanthroline and a,a’ dipyridyl. 


Determination with Orthonitrosophenol 


Orthonitrosophenol was advanced by Cronheim and 
Wink®™ as a colorimetric reagent for the estimation of 
ferrous iron. The reagent gives a green colour to an 
aqueous solution of ferrous ions, and is specific in that no 
other ions give the same colour. The reagent, being ‘a 
nitro-compound, is itself coloured, but this is no dis- 
advantage as the method of determination is to shake up 
a petroleum ether layer containing the reagent, with the 
aqueous solution. Sufficient reagent is withdrawn from 
the organic layer and when insufficient reagent is 
present, the ether layer is completely decolourised. 
Cobalt and palladium also give coloured complexes with 
the reagent, but these are preferentially soluble in the 
organic layer. Copper, nickel, mercury and zine give 
red-violet complexes, but interference due to these ions 
may be eliminated by choice of a suitable filter. Oxalate 
and phosphate interfere. The ferrous complex is 
completely stable for 24 hours in the absence of oxidising 
agents. 

The pH conditions are critical ; an acetate buffer is 
employed to maintain pH 5-1-5-3. Isoascorbic acid was 
used as reductant, but presumably other reductants such 
as hydroquinone would be as effective. The reagent is 
easily prepared™>® and is stable over a period of three 
weeks. Cronheim and Wink successfully determined as 
little as 0-01 p.p.m. of iron. Altogether the reagent 
appears to be one of the best for iron, being 3 to 4 times 
more sensitive than the phenanthroline and dipyridyl 
reagents. The main disadvantage is that orthonitroso- 
phenol is not particularly stable. 


Determination with Dimethylglyoxime 


In his classical paper on the 1,2 dioximes, Tschugaeff® 
reported that these compounds gave colours with ferrous 
iron in alkaline medium, and in a later paper®?-®* it was 
shown that dimethylglyoxime was a suitable reagent for 
ferrous iron. Nakaseko®® has used the method with 
slight variation, and more recently a comparison of some 
of the members of the 1,2 dioxime family, with regard to 
their suitability as colorimetric reagents for iron has 
been made by Griffing and Mellon'®®. They come to the 
conclusion that, though two others of the series are more 
sensitive than dimethylglyoxime itself, they are both 
unstable, and so the original reagent is preferred. 

The reagent is normally used in a 1°, ethanolic 
solution, which is slightly coloured, but on dilution the 
absorption due to this is negligible. Hydroxylamine 
hydrochloride is commonly used as reductant, and 
though Tschuyaeff used hydrazine sulphate, Griffing and 
Mellon found ‘he latter reductant to be unsatisfactory. 
The reduction is carried out in acid medium prior to 
addition of ammonia. According to Diehl'® the formula 
for the red coloured ferrous complex is Fe(DH,),A, where 
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DH, denotes the dioxime molecule, and A the an sonia 
molecule. The colour is unstable due to atmo: >heric 
oxidation. The use of pyridine instead of ammon ., and 
the use of a fairly large excess of the reagent itself. ffects 
considerable stabilisation of the colour. 

Of the reducing agents, examined by Griff: and 
Mellon, sodium sulphite, thiosulphate and nitrit« were 
unsatisfactory in that little colour resulted on dc velop. 
ment of the solution, sodium dithionite (hydrosu 'phite) 
gave a stable colour after ten minutes, hydrazine and 
hydroxylamine could only be used in acid solution, and 
ascorbic acid was unique in that it reduced iron even in 
ammoniacal solution. In his method Nakeseko employed 
hydrogen sulphide as reductant. Since sodium dithionite 
stabilised the colour of the ammoniacal solution, and only 
ten minutes development time was necessary, Griffing 
and Mellon recommend the dithionite : ammonia method, 
Transmittancy measurements should be made within 
half an hour of full development of colour. 

Because of the pH conditions, the following metals 
precipitate from  solution—aluminium, _ beryllium, 
chromium, magnesium, manganese, thorium, uranium. 
barium, calcium, strontium and lead. In addition, 
dithionite reduces antimony, bismuth, mercury (I and 
II) and silver to the metallic state. Copper, nickel and, 
to a lesser extent, cobalt form precipitates or colours 
with the reagent, and zinc also, when present in large 
amounts, interferes. In the presence of ammonium 
chloride and tartaric acid the amount of aluminium 
remaining in solution does not interfere, but the amount 
of manganese and thorium prevents full colour develop. 
ment as does the presence of acetate, arsenate, benzoate, 
carbonate, cyanide, formate and iodate. In addition, 
the presence of tungstate or vanadate leads to the forma- 
tion of a double complex with the reagent. 

Tschugaeff and Orelkin®?:°* were able to detect one 
part of iron in 20,000,000 parts of solution. The colour 
system obeys Beer’s law, and with a 1 em. cell the range 
is 6-0-4 p.p.m. Nakeseko claims the method to be as 
sensitive as the thiocyanate procedure, while Griffing and 
Mellon conclude that while the dioximes compare 
favourably with the orthophenanthroline and a,’ 
dipyridyl reagents in sensitivity, the ferrous complexes 
are much less stable than those of the latter reagents. 
Further the pH conditions are so critical that all the 
common cations except the alkali metals interfere on 
account of precipitation or other reactions. However, 
the reagent is inexpensive, easily obtainable, and should 
have specific application to the determination of iron in 
strongly alkaline media. 

For the sake of completeness it should perhaps be 
stated that the other reagents investigated by Griffing 
and Mellon were :—(1) Diethylaminobutanedione diox- 
ime, (2) Diphenylethanedione dioxime, (3) Di-(2. Fury!)- 
ethane dione dioxime, (4) Cyclohexanedione dioxime. 
Numbers 1 and 4 are slightly more sensitive, but are less 
stable than the reagent. 


Determination with 8-Hydroxyquinolines 

8-Hydroxyquinoline (Oxine) has been used extensively 
as a precipitant for many metals, but little attention has 
been paid to its use as a colorimetric reagent. Recently, 
however, Moeller! has applied the reagent to the 
colorimetric estimation of several metals, including ferric 
iron. This method was originally proposed by 
Lavollay'™ who dissolved the precipitated ferric « smplex 
in aleohol. By shaking up an aqueous solution of ferric 
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ions at pH 2-3 with a solution of oxine in chloroform, 
com ‘te extraction of the iron is obtained'™. The black 
soluvion thus obtained obeys Beer’s law up to an iron 
concentration of 20 mg. per litre of chloroform. Trans- 
mit‘ancy measurements are made at 470 or 570 my. 

Various derivatives of 8-hydroxyquinoline have also 
been employed. For example 8-hydroxyquinoline-5- 
sulphonic acid!*-10 js more convenient than oxine itself, 
in that no extraction is necessary. The reaction of this 
reagent with ferric iron results in the formation of a deep 
green colour due to the aqueous solution of an inner 
complex of the constitution [(CgH;NO[SO,H)}),Fe]. The 
solution is buffered at pH 4 with a biphthalate buffer. 
The colour should be developed in a solution made 
neutral and mixed with an equal quantity of 0-2N 
potassium biphthalate. Oxalate, citrate, fluoride, 
phosphate and arsenate interfere with the course of 
colour formation. Copper, zinc, cadmium, mercury (II), 
aluminium, tin (IV), lead, cobalt and nickel interfere by 
colour formation. Cyanide does not interfere. 

The 7-iodo-8-hydroxyquinoline-5-sulphonic acid has 
already been dealt with under the name of ferron. The 
corresponding 7-bromo compound reacts similarly and 
offers no advantages. 7-nitro-8-hydroxyquinoline-5- 
sulphonic acid reacts with ferric iron to produce a brown 
coloured solution’®-!°7, Copper, cadmium and lead form 
precipitates with the reagent. Again a biphthalate 
buffer is found to be most suitable. 5, 7-dibromo-8- 
hydroxyquinoline is insoluble in water and the ferric 
complex is easily hydrolysed, but the reagent can be used 
in acetone. A deep green colour is produced with ferric 
iron, and this colour can be extracted with ether, 
chloroform or carbon tetrachloride. The 5, 7-dichloro 
compound is reported by Molland to be inferior!®7,1%, 


Determination with 4-Hydroxydiphenyl-3- 
carboxylic Acid 

The reagent was examined by Yoe and Harvey!® in 
1948. The reagent is extremely sensitive and virtually 
specific, in that the only other ions to give coloured 
solutions with the reagent are uranium (orange-red) and 
copper (green in ammoniacal solution). The solution of 
the reagent in alcohol is colourless and indefinitely 
stable. The violet colour of the ferric complex, in 40%, 
alcohol is stable for 14 hours. Iron can be determined in 
the presence of considerable quantities of titanium. As 
in the case of thiocyanate a large excess of reagent must 
be maintained. the amount recommended being ten 
times. The 40°, ethanolic solution is necessary since the 
complex precipitates from aqueous solution. 

The reagent is sensitive to changes in pH, the optimum 
value being 2-3-3-2. Above 4, the hue of the solution 
changes, probably due to the precipitation of colloidal 
ferric hydroxide. The solution is not buffered, as the pH 
can be adjusted closely enough by making the solution 
just acid to congo-red paper, by dropwise addition of N 
sodium hydroxide, and then 0-1N hydrochloric acid till 
a drop of the solution turns the paper blue. Beer’s law 
is vend only as far up as 10 p.p.m. of iron. 

_ When tests were carried out in a 50 ml. tall-form 
Ness ‘er tube, the limit of sensitivity was found to be one 
part of ferric iron in 40 million parts of solution ; on a 
spot 0-2 can be detected. Fluoride, phosphate, 
pht! late, oxalate, tartrate, etc., interfere with the 
dete aination. Copper, which might interfere if present 
in \ ry high concentration, is easily removed with 
hyd) zen sulphide. If titanium is present the pH of 


solution is altered to 2-5, when no interference is found. 
The method was tried out by Yoe and Harvey on a wide 
range of materials and found to be satisfactory, but so far 
no other workers have reported on the applicability of 
this reagent. 
Determination with 
Isonitrosodimethyldihydroresorcinol 


Isonitrosodimethyldihydroresorcinol was advanced by 
Shome!®® in 1948. The reagent had been previously used 
for the gravimetric determination of cobalt by other 
workers! and they reported that the reagent formed a 
deep blue colour with iron. Shome used this as the basis 
of his method for the determination of iron, and in a later 
paper has also applied the reagent to the colorimetric 
estimation of cobalt!!. The reagent is easily prepared 
by the method of Haas'!®, and once synthesised is stable 
for more than a year. 

The blue coloured complex consists of three organic 
molecules bound to one atom of iron, and is independent 
of the valence state of the iron. The colour system 
reaches maximum intensity one minute after addition of 
the reagent to the ferric solution, buffered from 3-8 to 
11-3, and is independent of excess reagent. The 
intensity remains unchanged for 21 days and obeys 
Beer’s law. The transmittancy measurements are best 
made at 620 my at a pH value of 4-5. 

Phosphate, fluoride, cyanide, oxalate and arsenate 
interfere seriously, but small amounts of tartrate have no 
effect, although, if present a standing time of 25 minutes 
is necessary to ensure full development of colour. The 
presence of nickel has the same effect. If ferrous iron is 
being estimated, phosphate, fluoride, citrate, oxalate and 
arsenate do not interfere although in the presence of 
citrate and phosphate, a standing time of 30-60 minutes 
is necessary. If the pH is raised to 9, even 150 p.p.m. of 
P.O, do not interfere. 

Shome found it possible to determine one part of iron 
in 50 million parts of solution. Altogether this reagent 
appears to be most satisfactory in that the pH conditions 
are not critical, as is the case with most reagents, the 
colour is a function of the total amount of iron present, 
and is stable. The sensitivity is equal to that of ortho- 
phenanthroline and a,a’ dipyridyl, but at the time of 
writing no further work has appeared to confirm the 
suitability of the reagent. 


Determination with Acetylacetone 

Acetyl acetone, first prepared by Combes", was 
observed by him to give a red colour with ferric iron. 
The acid has one replaceable hydrogen atom, and its use 
as a colorimetric reagent for iron was investigated by 
Pulsifer™*. The smallest amount of iron detachable in 
a 50 ml. tall form Nessler tube was 3 x 10°* gm. Al- 
though one can detect much less than this with most 
reagents, the range covered by acetyl acetone is consider- 
ably greater than most, the upper limit being 0-6 mg. 

Magnesium, zinc, lead, manganese, cadmium, alum- 
inium and mercury are reported as non-interfering. 
Nitrites give a brown colour with the reagent and 
ammonia imparts a yellow hue to the solution. In a 
survey of the reagent Wenger and Duckert’ report it as 
being one of the most satisfactory. 


Determination with Alloxantin 
Dubsky"*"8 has used the blue colour produced by 
reaction of alloxantin with an alkaline solution of ferric 
ions, to determine the latter. The reaction depends on 
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the .ormation of dihydroxydiferrondialloxantin which 
abso’. three molecules of ammonia and 13 of water. 
The method is sensitive to 1-7 wg. of ferrous iron at a 
dilution of L : 1765. 


Determination with Pyramidone 

7 blue-violet colour produced by reaction of 
pyramidone with ferric iron in acid solution has been 
used by Van Urk!!* for the colorimetric determination of 
iron. Below an acidity of 0-2N the colour depends on 
the acid concentration, but above this figure it is 
independent, depending solely on the amount of ferric 
iron present. Excellent results were obtained with 
(05-30 mg. of ferric iron in 100 ml. of solution. 


Determination with Resorcylaldoxime 
Resorcylaldoxime!® gives a purple colour with ferric 
iron in acid solution. The reaction is sensitive to 0-3 
p.p.m. of iron, and has been used for the colorimetric 
estimation of iron. No colour is developed with ferrous 
iron. Nickel, aluminium, chromium and cobalt do not 
interfere with the determination. 


Determination with Resorcylic Acid 
Resorcylic acid! forms a red complex with ferric ions 
which is stable between pH 2-5 and 3-0 even on standing 
for some time in bright sunlight. Iron can be determined 
at a dilution of one in twenty million. Only an abstract 
of the original paper was available but the reagent is 
known to suffer from the interference of several metals. 


Determination with Cupferron 

Cupferron'?? may be used for the colorimetric deter- 
mination of iron even in the presence of large amounts of 
phosphate. The determination is carried out in 2N 
sulphuric acid, iron being oxidised to the ferric state with 
hydrogen peroxide. The cupferron precipitate is 
extracted three times with chloroform and the extracts 
made up to a definite volume, before transmittancy 
measurements are made. 


Determination with Pyrocatechol 

In faintly acid solution, pyrocatechol reacts with ferric 
iron to give a dark green solution’**. If the solution is 
faintly alkaline, or if the iron concentration is low, as with 
trace amounts, a brilliant violet coloration is produced. 
The violet colour is due to the salt of the acid H,{(C,H,O,) 
Fe). Aluminium, cerium, cobalt, columbium, molyb- 
denum, titanium, tungsten, vanadium and nitrite must 
be absent. Yoe!™'25 has used the sodium salt of 
pyrocatechol disulphonate in the same way. This latter 
reagent yields a blue colour below pH 5, and red above 
pH 7. Both colours are stable for two months. With the 
red complex it is possible to determine 1 part of iron in 
200 million parts of solution, and with the blue complex 
one in 30 million. 


Determination with Pyrogallol 

Palkin'®* has used the violet colour produced by the 
action of pyrogallol on solutions of iron salts, for the 
color'metrie determination of the latter. The reaction is 
fairl, sensitive, but aluminium, antimony, bismuth, 
cad) ium, cerium, molybdenum, tantalum, silver and 
utar um interfere, so the reagent has little practical 
app ation. 


Determination with Quinaldinic Acid 
_ T © sodium salt of quinaldinic acid reacts with ferrous 
‘ror neutral solution to form a dark red moderately 


soluble precipitate. In hot solution this red precipitate 
changes to form a less soluble blue-violet modification. 
The method has been used by some workers!*?)!*8 for the 
colorimetric determination of trace amounts of ferrous 
iron. Hydroxylamine hydrochloride is employed as the 
reductant. Iron can be determined in the presence of 
relatively large amounts of copper, nickel, cobalt and 
zinc. The reagent is said to be sensitive to 0-172 pg. 
of iron at a concentration limit of 1 in 14-5 million parts 
of solution. 


Other Organic Reagents 


Brenner’®® has used the red colour produced by 
diamond-black F in ammoniacal solution for the 
estimation of iron. Copper, magnesium, zine and 
calcium give similar colours, and beryllium, manganese, 
cadmium, strontium, uranium, nickel and cobalt also 
interfere. 

With in benzene solution, 
ferric salts give a bright red colour. The reaction is not 
particularly sensitive however, and is not recommended. 
Goday"183 has proposed the use of haematoxylin on 
account of the red violet colour formed with solutions of 
iron salts, while Taylor'* has employed the blue colour 
produced by ferric ions with naphtholtrisulphonic acid. 


Inorganic Reagents for Iron 


Apart from thiocyanate, there are few inorganic 
reagents of any value for the colorimetric determination 
of iron. In a fairly extensive search through the liter- 
ature the writer has found only two others, namely 
ferrocyanid¢ and ferricyanide. Iron is also determined 
directly by the colours of ferric chloride and ferrous 
sulphide. 

The ferrocyanide method has been used by some 
workers!5-137,_ Tt is particularly useful for the deter- 
mination of iron in the presence of phosphoric acid. 
Large amounts of copper interfere, and nitrous acid must 
be absent. As the reaction of the ferrocyanide is with 
ferric iron, it is possible to oxidise the ferrous with 
permanganate or hydrogen peroxide and estimate the 
total iron. Havemann!® states that the ferrocyanide 
method is suitable for the analysis of aluminium alloys. 

The deep blue colour produced between ferrous ions 
and ferricyanide has also been used™*, and the method 
was recognized by the American Public Health Associ- 
ation in 1923. 

The determination of iron by the brown colour 
produced by hydrogen sulphide in alkaline solution'™®, is 
particularly useful for the determination of traces of iron 
in water. The solution should have an iron content of 
0-3 mg. per litre of water. The method is of course 
subject to much interference. 

In concentrated hydrochloric acid, ferric chloride 
possesses an intense yellow colour which is suitable for 
the analysis of the iron content of various substances"™!. 
The colour intensity is at a maximum in 28% hydro- 
chloric acid, but it is said by Hostetter’? to alter 
considerably with temperature. Oxides of nitrogen must 
be absent, but free chlorine does not interfere. Copper 
must be totally absent, and cobalt and nickel, if present 
in more than trace amounts. Manganese is non-inter- 
fering, while zinc and mercury bleach the colour, and for 
reasons not apparent, calcium and magnesium intensify 
it. 
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Sulphur Recovery from Gases 


New hopes of easing the critical national shortage of 
sulphur are promised in the announcement of a firm of 
Scottish gas engineers, Henry Balfour & Co., Ltd., of 
Leven, Fife, who are introducing into this country 
range of plants specially designed for the recovery of 
sulphur from coal gas. Similar plant could be provided 
for the recovery of sulphur from blast-furnace gas in 
steel works and also in the flue gases from power stations, 

During the war Germany had her suphur problem, 
too, and a great deal of research on methods of sulphur 
recovery from gases has been carried out in that country, 
One of the leading authorities on this particular subject, 
Dr. Bahr, who was formerly with I. G. Farben Industrie, 
in Germany, is controlling the design and operation of 
these types of plants, and the licence for his processes in 
this country has now been acquired. 

This development will not mean any immediate allevia- 
tion of the sulphur shortage, but experts say that since 
the problem will be with us for some time to come, the 
sooner we make plans for the future the better. 
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